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[57] ABSTRACT

A process for the asymmetric hydrogenation of N-acyl-
hydrazones to optically active N-acylhydrazines 1n the
presence of a chiral phospholane catalyst complex, a
process for the reductive N—N bond cleavage of N-
acylhydrazine to amines with samarium diiodide, and a
multistep process for converting keto group-bearing
compounds to the corresponding optically active amino

- group-bearing compounds are disclosed.
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PREPARATION OF OPTICALLY ACTIVE
HYDRAZINES AND AMINES

This 1s a division of application Ser. No. 07/852,592, 5
- filed Mar. 17, 1992, now U.S. Pat. No. 5,250,731.

FIELD OF THE INVENTION

This invention provides a process for the asymmetric
hydrogenation of N-acylhydrazones to optically active
N-acylhydrazines. This invention also provides a pro-
cess for the reductive N—N bond cleavage of N-acyl-
hydrazines to amines. This invention also provides a
multistep reductive amination process for the conver-
sion of keto group-bearing compounds to correspond-
ing chiral amino group-bearing compounds.

BACKGROUND OF THE INVENTION

In contrast to the high enantioselectivities observed
in certain catalytic olefin (C—=C bond) and ketone
(C=0 bond) hydrogenations, little success has been
achieved in the catalytic asymmetric hydrogenation of
the C=N bond. The Iimited success that has been re-
ported is mostly mmvolved with the reduction of imines.

H. E. Baumgarten et al., J. Org. Chem., 41(24), 3806
(1976), disclose the catalytic hydrogenation of N-1-
‘phenylethyl-N'-carbo-tert-butoxyhydrazone to N-1-
phenylethyl-N'-carbo-tert-butoxyhydrazine. It is stated -
that this is a general procedure but that it cannot be used
- for-optically active hydrazines because the reductions

are not stereoselective.

K. Harada, Asymmetric Synthesis, Volume 5, Aca-
demic Press, 1985, p.- 360 describes the hydrogenation
of optically active hydrazones to optically active
amines. There is no disclosure nor suggestion of a 3°
method to generate optically active products from non-
optically active starting materials. |

J. Souppe et al., J. Organometallic Chemistry, 250,
237-236 (1983) report the reductive cleavage of the
N—N bond in 1,2-diphenyl hydrazine by samarium
diiodide to yield aniline in 55% vield after a 4 day reac-
tion period. There is no disclosure concerning the reac-
tivity of samarium diiodide with N-acylhydrazines.

The present invention provides processes for the
asymmetric hydrogenation of N-acylhydrazones to
optically active N-acylhydrazines, and the reductive
amination of keto group-bearing compounds to corre-
sponding chiral amino group-bearing compounds. The
use of transition metal catalysts bearing chiral ligands in
these processes provides products in optically active
form. The present invention also provides a process for
the reductive N—N bond cleavage of N-acylhydra-

zines.
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SUMMARY OF THE INVENTION

The present invention comprises a process for the
asymmetric hydrogenation of N-acylhydrazones com-
prising reacting with hydrogen a compound of formula

(2)

93

60
)

65

wherein

2

R! and R? are not the same and are each Cj to Cis
cyclic, linear or branched alkyl; C; to Cjys cyclic,
linear or branched substituted alkyl; C; to Cg fluo-
roalkyl; C; to Cg perfluoroalkyl; aryl; substituted
aryl; aralkyl; ring substituted aralkyl; carboalkoxy;
carboamido; acyl; vinyl; substituted vinyl; alkynyl;
or C(R#)[C(R*)2],DICR*),],R%

D is O, S, NR% or Si(R%);;

p and q are each integers, the same or different, from
1 to §; -

R% is each independently H; F; aryl; C; to Cg alkyl;
Ci to Cg fluoroalkyl; to Ci to Cg perfluoroalkyl; or
R#together with R! or R2 form a ring; and

R3 is aryl, substituted aryl, or a linear, branched or
cyclic C; to Cg alkyl;

in the presence of a catalyst comprising a compiex
wherein a transition metal is bonded to both phosphorus
atoms of a chiral ligand selected from the group consist-
ing of:

(S)-(—)-2,2'-bis(diphenylphosphino)-1,1’-binaphthyl;

(R)-(+4)-2,2"-bis(diphenylphosphino)-1,1’-binaphthyl;

(2S,45)-2,4-bis(diphenyiphosphino)pentane;

(2R,4R)-2,4-bis(diphenylphosphino)pentane;

(25,3S5)-bis(diphenylphosphino)butane;

(2R,3R)-bis(diphenylphosphino)butane;

(+)-2,3-O-isopropylidene-2,3-dihydroxy-1,4-bis(di-
phenylphosphino)butane; .

(—)-2,3-O-isopropylidene-2,3-dihydroxy-1,4-bis(di-

- phenylphosphino)butane;
phenyl-4,6-O-(R)-benzylidene-2,3-O-bis(diphenyl-
phosphino)-B8-D-glucopyranoside;
phenyl-4,6-O-(S)-benzylidene-2,3-O-bis(diphenyl-
phosphino)-B-D-glucopyranoside;
a chiral ligand of formulae I and 11

R R ¢4
(CHZ)H
P~ ~p
R R
R | (H)

wherein

n i1s an integer from 1 to 12;

Y 1s each independently hydrogen, halogen, alkyl,
alkoxy, aryl, aryloxy, nitro, dialkylamino, vinyl,
substituted vinyl, alkynyl, of sulfonic acid;

m 1s an integer from 1 to 4;

R is a radical comprising linear, branched or cyclic
Ci to Cg alkyl; linear, branched or cyclic C; to Cg
fluoroalkyl; linear, branched or cyclic C; to Csg
perfluoroalkyl; aryl; substituted aryl; aralkyl; ring-
substituted aralkyl; or
—CRN[CR)XICR)],RS;

X is O, S, NRS, PR, AsR6, SbRS, divalent aryl, diva-
lent fused aryl, divalent 6-membered ring heterocy-
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clic group, divalent 5-membered ring heterocyclic
group, or divalent fused heterocyclic group;

R5 is each independently H; F; aryl; C; to Cg alkyl;
Cj to Cg fluoroalkyl; or C; to Cg perfluoroalkyl; or
where together R3 and RS form a ring;

q and p are as defined above;

R6 is hydrogen; C; to Cg alkyl; C; to Cs fluoroalkyl;
C1 to Cg perfluoroalkyl; aryl; substituted aryl; aral-
kyl: ring substituted aralkyl: or
C(RS)Z[C(Rs)zqu[C(RS)Z]pRS;

Z is O, S, NR3, PR3, AsR53, or SbRJ;

R, p and q are as defined above; and

provided that the catalyst is other than ruthemum
(2,2'-bis(diphenylphosphino)-1,1'-binaphthyl)di-
chloride dimer or bis-(2-methylallyl)ruthenium
((2S,5S)-2,5-dimethylphospholano)benzene;

to vield an optically active mixture of enantiomeric
N-acylhydrazines of formula (3A) and (3B)

(3A)

H ¥ |
HC

R TR2

(3B)

H
N

HL =

C

RI” TR2

wherein |
R1, R2 and R3 are as defined above. |
The present invention further comprises a process for
the preparation of amines comprising reacting an N-
acylhydrazine of formula (3)

(3)

wherein

Rl and R2 are the same or different and are each
hydrogen, C; to Cis5 cyclic, linear or branched
alkyl; C; to Cis cyclic, linear or branched substi-
tuted alkyl: C; to Cg fluoroalkyl; Cq to Cg perfluo-
roalkyl; aryl; substituted aryl; aralkyl; ring substi-
tuted aralkyl; carboalkoxy; carboamido; acyl; vi-
nyl; substituted vinyl; alkynyl; or
CRH2[CRH)2],DICRM,],R;

D is O, S, NR4, or Si(R4)y;

p and g are each integers, the same or different, from
1 to 8;

R4 is H: F; aryl; C; to Cg alkyl; C; to Cg fluoroalkyl,;
to C1 to Cg perfluoroalkyl; or R4 together with R!
or R? form a ring; and |

R3 1s aryl, substituted aryl, or a linear, branched or
cyclic Cy to Cg alkyl;

with samarium diiodide to reductively cleave the nitro-
- gen-nitrogen bond to generate a carboxylic amide of
formula R3C(O)NH; and an amine of formula (4)
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4

H I;IHZ
~c

Rl.#" S

4
R2

wherein

R1 R2, and R3 are as previously defined.

The present invention further comprises a multistep
process for the conversion of prochiral keto group-
bearing compounds to the corresponding chiral amino
group-bearing compounds comprising

Step 1) reacting a ketone of formula RIC(O)R? with
a carboxylic acid hydrazide of formula R3C(O)NHNH;
in the presence of an acid catalyst to generate an N-
acylhydrazone of formula (2)

(2)

wherein

R1 R2and R3 are as defined above;

Step, 2) reacting the N-acylhydrazone of formula (2)
with hydrogen in the presence of a catalyst comprising
a complex wherein a transition metal is bonded to both
phosphorus atoms of a chiral ligand selected from the
group consisting of:

(S)-(—)-2,2'-bis(diphenylphosphino)-1,1’'-binaphthyl;

(R)-(+)-2,2'-bis(diphenylphosphino)-1,1’'-binaphthyl;

(2S,45)-2,4-bis(diphenylphosphino)pentane;

(2R,4R)-2,4-bis(diphenylphosphino)pentane;

(2S,38)-bis(diphenylphosphino)butane;

(2R,3R)-bis(diphenyiphosphino)butane;

(+)-2,3-O-isopropylidene-2,3-dihydroxy-1,4-bis(di-

phenylphosphino)butane;

(—)-2,3-O-isopropylidene-2,3-dihydroxy-1,4-bis(di-

phenylphosphino)butane; |
phenyl-4,6-O-(R)-benzylidene-2,3-O-bis(di-phenyl-
phosphino)-B-D-glucopyranoside;
phenyl-4,6-0-(S)-benzylidene-2,3-O-bis(di-phenyl-
phosphino)-B8-D-glucopyranoside;
a chiral ligand of formulae Iand I

R R 0
(CH2)»
p” ~p
R R
R (I
P
(Y)m R
R
C
R
wherein

n is an integer from 1 to 12;
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Y is each independently hydrogen, halogen, alkyl,
alkoxy, aryl, aryloxy, nitro, dialkylamino, vinyl,
substituted vinyl, alkynyl, of sulfonic acid;

m is an integer from 1 to 4;

R 1s a radical comprising linear, branched or cyclic
Ci to Cg alkyl; linear, branched or cyclic C; to Cg
fluoroalkyl; linear, branched or cyclic C; to Cg
perfluoroalkyl; aryl; substituted aryl; aralkyl; ring-
substituted aralkyl; or
—CRNICR)1XICR LR,

Xis O, S, NRS, PRS, AsR®, SbRS, divalent aryl, diva-
lent fused aryl, divalent 6-membered ring heterocy-
clic group, divalent 5-membered ring heterocyclic
group, or divalent fused heterocyclic group;

R>5 is each independently H; F; aryl; Ci to Cg alkyi:
C1 to Cg fluoroalkyl; or C; to Cg perfluoroalkyl; or
where together R> and R® form a ring;

q and p are as defined above;

R¢ is hydrogen; C; to Cg alkyl; C; to Cg fluoroalkyl:
Ci to Cg perfluoroalkyl; aryl; substituted aryl; aral-
kyl; ring substituted aralkyl; or
CRNACR)1ZICRI)2IRS;

Z is O, S, NR>, PR>, AsR>, or SbR5;

R>, p and q are as defined above; and

provided that the catalyst is other than ruthenium
(2,2'-bis(diphenylphosphino)-1,1’-binaphthyl)di-
chloride dimer or bis-(2-methylallyl)ruthenium
((2S,55)-2,5-dimethylphospholano)benzene;

to yield an optically active mixture of enantiomeric
N-acyl-hydrazines of formula (3A) and (3B)
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H 3A
H N'f R3 ( ) 35
\N..-—"' “H..C.--"
H ¥ II
u,c 0
le \RZ
JH 3B) 40
H\. ..-"N\ ..--""_R
H, & Il
AC 0
RI” TR2
45

wherein
R, R2and R? are as previously defined; and

Step 3) reacting the optically active mixture of enan-
tiomeric N-acylhydrazines of formula (3A) and (3B) 50

with samarium diiodide to yield a carboxylic amide of
formula (5) R3C(O)NH: and an optically active mixture
of enantiomeric amines of formula (4A) and (4B)

NH,
H, Y
'y C
RI” R2
NH) (4B)
RI"" \"‘RZ
wherein
R, R?%and R3 are as previously defined.

The present invention further comprises an optically
active N-acylhydrazine of formula (3A) or (3B), or a
mixture thereof, |

(4A) 33

65

(3A)

fffff

(3B)

)

' Cat

R2

wherein

R! and R? are not the same and are each C; to Cis
cyclic, linear or branched alkyl; C; to Cjs cyclic,
linear or branched substituted alkyl; C; to Cg fluo-
roalkyl; C; to Cg perfluoroalkyl; aryl; substituted
aryl; aralkyl; ring substituted aralkyl; carboalkoxy:
carboamido; acyl; vinyl; substituted vinyl; alkynyl;
or CR¥,[C(R#)2],DICR*),],R%:

D is O, S, NR4, or Si(R%)y;
p and q are each integers, the same or different, from
1to 8; |
R4 is each independently H; F; aryl; C; to Cg alkyl:
Ci to Cg fluoroalkyl; to Ci to Cg perfluoroalkyl; or
R4 together with R1 or R? form a ring; and

R3 is aryl, substituted aryl, or a linear, branched or
cychlic Cy to Cg alkyl.

DETAILED DESCRIPTION OF THE
INVENTION

For the purpose of this application, by a “compound
with an elevated degree of enantiomeric purity” or a
“compound of elevated enantiomeric purity” i1s meant a
compound that exhibits optical activity to the extent of
from greater than or equal to about 5% enantiomeric
excess (abbreviated ee) up to about 50% ee. By a “com-
pound with a moderately elevated degree of enantio-
meric purity”’, or a “compound of moderately elevated
enantiomeric purity” is meant a compound that exhibits
optical activity to the extent of greater than or equal to
about 50%, enantiomeric excess. By a “compound with
a high degree of enantiomeric purity”, or a “compound
of high enantiomeric purity” is meant a compound that
exhibits optical activity to the extent of greater than or
equal to about 90%, preferably, greater than or equal to

about 95% enantiomeric excess.
Enantiomeric excess is defined as the absolute value

arising from the ratio (% R—% S)/(% R+ % S) or (%
S—9% R)/(% S+ % R) where % R is the percentage of
R enantiomer and % S is the percentage of S enantio-
mer in a sample of optically active compound.

The ability to enantioselectively hydrogenate the
C=N double bonds in N-acylhydrazones has been
found to be a key step in a multistep procedure for
transforming a compound containing a prochiral keto
group mto a compound containing an amino group
bound at a chiral carbon atom.

NH
O 2
C' H”f” !
RI” “RZ—> RI7 R

The ability to carry out this conversion has signifi-
cant commercial value since optically active amino
functional group containing compounds are biologi-
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cally important and have many agricultural and phar-

maceutical applications. The value of the conversion
rises with an increase of the enantiomeric excess ob-
tained in the product. Carrying out the conversion to
yield a compound with an elevated degree of enantio- 5
meric purity is commercially valuable. Carrying out the
conversion to yield a compound of moderately elevated
enantiomeric excess or a high degree of enantiomeric
excess can be extremely valuable. Prior to this inven-
tion, no satisfactory general method for carrying out
this conversion existed. |

The N-acylhydrazines prepared by the present inven-
tion are useful as insecticides or pharmaceuticals such as
anti-tuberculin agents. Hydrazines which can be made
from N-acylhydrazines are useful as enzyme inhibitors,
pharmaceuticals, insecticides, monoamine oxidase in-
hibitors, enzyme inhibitors, and anti-malarial agents.
Amines prepared by the present invention are widely
known to be useful as pharmaceuticals, agrichemicals,
or insecticides.

The first step of the multistep sequence is the conver-
sion of the prochiral keto group containing compound
(1) to its prochiral N-acylhydrazone derivative (2) ac-
cording to the following reaction:

10
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C R3C(O)NHNH;

RI” TR —M—————>
(1)

|
- _C
RI“'" \"'RZ

(2)

30

wherein

R! and R2 are not the same and are each Cji to Cis
cyclic, linear or branched alkyl; C; to C;s5 cyclic,
linear or branched substituted alkyl; C1 to Cg fluo-
roalkyl; C; to Cg perfluoroalkyl; aryl; substituted
aryl: aralkyl; ring substituted aralkyl; carboalkoxy;
carboamido; acyl; vinyl; substituted vinyl, alkynyl;
or CR),[C(R;];D[CR %] R4

D is O, S, NR4, or Si(R%)3;

p and q are each integers, the same or different, from

1 to 3; | '

R3 is aryl, substituted aryl, or a linear, branched or

cyclic C; to Cg alkyl; and

R4 is each independently H; F; aryl; C; to Cg alkyl;

C1 to Cg fluoroalkyl; to C; to Cg perfluoroalkyl; or
R4 together with R! or R? form a ring.

In this first step of the multistep process, and for all
additional steps or processes described hereinafter, the 30
substituents for substituted aryl for R> include hydro-
gen, halogen, alkyl, altkoxy, aryl, aryloxy, nitro, and
amino. For R, R2 and R4, the substituents for substi-
tuted alkyl, substituted aryl, and ring substituted aralkyl
are each independently hydrogen, halogen, alkyl, per-
fluoroalkyl, alkoxy, aryl, acyl, aryloxy, nitro, amino,
carboalkoxy, trialkylsilyl, triphenylsilyl, vinyl, substi-
tuted vinyl and alkynyl.

Preferably, for purposes of economy for all processes
herein, R3 is phenyl, para-(methoxy)phenyl, or para-
(dimethylamino)phenyl. Preferred R1and R2are 1) Rlis
phenyl and R? is methyl, ethyl, benzyl, or carbome-
thoxy; or 2) Rlis para-(methoxy)phenyl, para-(carboe-
thoxy)phenyl, para-(bromo)phenyl, para-(nitro)phenyl,
2-naphthyl, carboethoxy, carbomethoxy, or i1sopropyl,
and R2 is methyl. More preferred is when R1 is car-
bomethoxy or carboethoxy and R is phenyl or methyl,
especially when R! is carbomethoxy or carboethoxy

35

40
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8

and R2 is methyl, or when Rl is phenyl and R? is car-
bomethoxy.

Particularly preferred combinations are wherein Rlis
phenyl, R2is methyl, and R3is phenyl, methyl, p-(nitro)-
phenyl, p-(methoxy)phenyl, p-(dimethylamino)phenyl,
t-butoxy, or 2-furoyl; R! is p-(methoxy)phenyl, p-
(trimethylsilyl)phenyl, p-(bromo)phenyl, p-(carboe-
thoxy)phenyl, p-(nitro)phenyl, 2-naphthyl, tertbutoxy,
or phenyl, R2 is methyl, and R3 is phenyl; R!is phenyl,
R2is ethyl, benzyl, or trifluoromethyl, and R3is phenyl;
R!is ethyl or isopropyl, R2is methyl, and R3 is p-(dime-
thylamino)phenyl; R! is carbomethoxy, R2 is phenyl,
and R3 is phenyl; R!is carboethoxy, R? is methyl, and
R3 is phenyl; R!is methyl, R2is carboethoxy, and R3is
phenyl; or R! and R2 together are 1-indanyl and R is
phenyl.

The N-acylhydrazone derivatives are prepared by a
standard procedure as in “The Chemistry of the Am-
ides”, Patai. S.; Zabicky, J., Eds.; John Wiley and Sons:
New York, N.Y., pp 560-561, (1970), which is herein
incorporated by reference. This procedure involves
treatment of a carboxylic acid hydrazide with a ketone
in the presence of a catalytic amount of acid.

The present invention further comprises a process for
the asymmetric hydrogenation of N-acylhydrazones.
This process also constitutes the second step of the
multistep process of the present invention. The catalytic
asymmetric hydrogenation of a prochiral N-acylhydra-
zone derivative (2) to an optically active mixture of
enantiomeric N-acylhydrazines (3A) and (3B) proceeds
according to the following reaction:

H
1'@ R3
N~ 7 H,
g g Asymmetric:-:
Rl-"‘" SR2 catalyst
(2)
H H
-~
H N R3 H N~ R3
\N.--'" . C..-""' ; \..,,.N o \‘C -~
H, ¥ y) and g, £ I
C - C O
R1Z g2 R17 g2
(3A) (3B)
wherein

R1, R2 and R3 are as previously defined.

This asymmetric hydrogenation is the key value-
adding step of the multi-step process. Asymmetry 1s
generated in the product by the action of the asymmet-
ric catalyst. |

This reduction is carried out in solvents such as tolu-
ene, tetrahydrofuran, dimethylformamide, dichloro-
methane, alcohols, water, or alcohol/water mixtures.
Preferred are the organic solvents, more preferably
alcohols and most preferably isopropanol.

The temperature range employed for the hydrogena-
tion can range from about —50° to about 100° C. A
preferred range is from about —10° to about 50° C.
Most preferred temperature range is from —10° to
about 20° C. The time of reaction is typically 0.5 to 72
hours, more preferably 1 to 48 hours, depending upon
reaction substrate and temperature. |

The reaction is typically run under hydrogen, or
hydrogen diluted by inert gas (e.g., nitrogen, argon)
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atmosphere. Oxygen must be excluded from the reac-
tion. Starting materials should preferably be free of
oXygen.

Reaction pressure is typically 15 to 1500 psi (1 to 100
atmospheres, 1X10° to 1107 pascals). The preferred 5
pressure range is 15 to 60 psi (1 to 4 atmospheres,
13X 105 to 4 X 10 pascals). It is preferred to carry out the
hydrogenation reaction with vigorous agitation.

The product may be isolated by any of the techniques
employed in synthetic organic chemistry. Evaporation 10
of solvent, distillation, crystallization, filtration, and
chromatographic methods may all be employed to ad-
vantage. N-acylhydrazines are useful as intermediates in
the preparation of hydrazines and amines, and are also
useful as pharmaceuticals.

Catalysts suitable for use herein comprise complexes
wherein a transition metal is bonded to both phosphorus
atoms of a group selected from one of the following:

(S)-(—)-2,2'-bis(diphenylphosphino)-1,1'-binaphthyl

((S)-BINAP);

(R)-(+)-2,2’-bis(diphenylphosphino)-1,1’-binaphthyl

((R)-BINAP);
(2S,4S)-2,4-bis(diphenylphosphino)pentane . ((S,S)-
SKEWPHOQOS);
(2R,4R)-2,4-bis(diphenylphosphino)pentane ((R,R)-
SKEWPHOS);

15

20

25

- (25,3S8)-bis(diphenylphosphino)butane ((S,S)-
CHIRAPHOS);
(2R,3R)-bis(diphenylphosphino)butane (RR)- 44
CHIRAPHOS);

(-+)-2,3-O-isopropylidene-2,3-dihydroxy-1,4-bis(di-
phenylphosphino)butane ((+ )-DIOP);

(—)-2,3-O-isopropylidene-2,3-dihydroxy-1,4-bis(di-
phenylphosphino)butane ((—)-DIOP); 35

phenyl-4,6-O-(R)-benzylidene-2,3-O-bis(diphenyl-
phosphino)-B-D-glucopyranoside ((R)-GLUP);

phenyl-4,6-O-(S)-benzylidene-2,3-O-bis(diphenyl-
phosphino)-8-D-glucopyranoside ((S)-GLUP);

a chiral ligand of formula I or II 40

R R (I}
(CH?)
p” ”‘-u..P 45
R R
(D)
R 50
P
() R
| R
_ /&j 55
R
wherein
n is an integer from 1 to 12; 60

Y is each independently hydrogen, halogen, alkyl,
alkoxy, aryl, aryloxy, nitro, dialkylamino, vinyl,
substituted vinyl, alkynyl, of sulfonic acid;

m is an integer from 1 to 4;

R is a radical comprising linear, branched or cyclic 65
Ci to Cg alkyl; linear, branched or cyclic C; to Cg
fluoroalkyl; linear, branched or cyclic C; to Cg
perfluoroalkyl; aryl; substituted aryl; aralkyl; ring-

10 |
substituted aralkyl; or
—CRSYICRN]XICRIRS;

X is O, S, NRS, PR6, AsR6, SbRS, divalent aryl, diva-
lent fused aryl, divalent 6-membered ring heterocy-
clic group, divalent 5-membered ring heterocyclic

- group, or divalent fused heterocyclic group;

R’ is each independently H; F; aryl; C; to Cg alkyl;
Ci to Cg fluoroalkyl; or Cj to Cg perfluoroalkyl; or
where together R> and R form a ring;

q and p are as defined above;

R¢ is hydrogen; C; to Cg alkyl; C; to Cg fluoroalkyl;
C to Cg perfluoroaklyl; aryl; substituted aryl; aral-
kyl; ring substituted aralkyl; or
CRSRICR1,ZICR )RS,

Zis O, S, NR5, PR>, AsR5, or SbR5;

R, p and q are as defined above, and |

provided that the catalyst i1s other than ruthenium

(2,2'-bis(diphenylphosphino)-1,1'-binaphthyl)di-
chloride dimer or bis-(2-methylallyDruthenium
((2S,55)-2,5-dimethylphospholano)benzene.

For R and RS9, the substituents for aryl and ring sub-
stituted aralkyl include hydrogen, halogen, alkyl, alk-
OXy, aryl, aryloxy, nitro, amino, vinyl, substituted vinyl,
alkynyl, or sulfonic acid.

The BINAP, SKEWPHOS, CHIRAPHOS, and
DIOP higand groups are commercially available as
phosphines from many sources, including Strem Chemi-
cals, 7 Mulliken Way, Newburyport, Mass. 019350.
GLUP is prepared according to the procedure of R.
Selke et al., J. Mol. Cat., 37,213 (1986). Chiral ligands of
formula I are prepared as detailed in U.S. Pat. No.
5,008,457 of Burk, herein incorporated by reference,
and chiral ligands of formulae I and II are prepared as
detailed hereinafter.

The chiral ligands of formulae I and II are prepared
by first reacting a bis(primary phosphine) with a strong
base capable of deprotonating a P—H bond. Bases such
as methyl lithium, n-butyl lithium, phenyl lithium, or
lithium diisopropylamide, can be used to remove one
proton from the phosphorus atom of each primary
phosphine group, thereby creating an anion. This anion
is then reacted with a cyclic sulfate of formula A to
generate a carbon-phosphorus bond on each phospho-
rus. The addition of more strong base then removes the
remaining proton from each phosphorus and subse-
quently creates a heterocyclic phospholane by forma-
tion of a second carbon-phosphorus bond through sul-
fate group displacement. The reaction is conducted in
an organic solvent such as tetrahydrofuran, diethyl
ether or dimethoxyethane at a temperature of from
about 0° C. to the boiling point of the solvent employed.
Reaction at about 20° C. to about 30° C. is preferred. An
inert atmosphere is required, with nitrogen or argon
being preferred. The reaction is conducted at ambient
pressure.

‘More specifically, as in reaction Scheme A, deproto-
nation of 1,2-bis(phosphino)benzene (commercially
available from Quantum Design, Inc.,, Austin, Tex;
512-258-4174) in tetrahydrofuran is accomplished with
n-butyllithium (2 equivalents) to give dilithium 1,2-bis(-
phosphino)benzene. The resulting dianion is then re-
acted with a tetrahydrofuran solution of 1,4-diol cyclic
sulfate of formula A (2 equivalents), followed after 1
hour, by the second addition of n-butyl lithium (2.2 to
2.3 equivalents). Standard workup procedures afford
the pure products, 1,2-bis(phospholano)benzenes exem-
plified by formula II, in good yield (80-90%). In gen-
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eral, the crude products obtained through this proce-
dure are analytically pure and no further purification
steps (i.e. distillation) are required.

By using the commercially available 1,2-bis(phos-
phino)ethane (Quantum Design, Inc., Austin, Tex;
512-258-4174), the bis(phospholano)ethanes of formula
I as previously described in U.S. Pat. No. 5,008,457, also
are readily prepared in high yield and in pure form by
this route (Scheme A). The described synthesis appears
only to be limited by the availability of the primary
phosphine starting material, and can be easily applied to
the preparation of other chiral ligands.

_SCHEME A

1. n-BuLi1
2. Cyclic
Sulfate

3. n-Buli 9
70—90%

PH,

PH>

R

CL Q
Cyclic sulfates suitable for use in preparation of the

phospholanes are symmetric chiral 1,4-diol cyclic sul-
fates of formula A

1. n-Buli
2 Cyclic
- Sulfate

/ , 3. n-Buli 5
75-—90%

H->P PH>»

(A)

O O

"--.S.--'"
o —
0~ o

wherein
R 1s as previously defined for chiral ligands of for-
mula I or II.

These cyclic sulfates are prepared from 1,4-diols, and
are useful in the preparation of chiral ligands having a
high degree of enantiomeric purity. An example of this
preparative reaction is shown in Scheme B.

SCHEME B
OH 1. SOCl, R R
/K/\/R 2. RuCl3, NalOjy
R >
OH O ., S - O
T
o= o

1,4-Cyclic Sulfates
(A)

The cyclic sulfates are prepared from chiral 1,4-diols
which are prepared as in U.S. Pat. No. 5,021,131. The
diols are reacted with thionyl chloride to afford the
corresponding 1,4-diol cyclic sulfites (not 1solated)
which are subsequently oxidized to the crystalline prod-
ucts, symmetric 1,4-diol cyclic sulfates of formula A, by
NalO4 and a catalytic amount of RuCls;. The cyclic
sulfates are then used in reaction with primary phos-
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phines in the presence of strong base to prepare the
chiral phospholane ligands I or 1.

Preferred for use in the process of the present inven-
tion are cyclic sulfates having a high degree of enantio-
meric purity. Also preferred processes are those
wherein R for the cyclic sulfate and resulting ligands 1s

‘methyl, ethyl, or isopropyl.

The ligands are complexed with a transition metal so
that the metal is bonded to both phosphorus atoms of
the ligands I or II. Such complexes are prepared by
reacting the chiral ligand, such as I or II, with an appro-
priate precursor complex. Typical precursor transition
5 metal complexes suitable for use herein include, among
others, [(COD);M}+X— wherein COD is 1,5-cyclooc-
tadiene, M is rhodium or iridium, and X is BF4, Sbks,
PF¢, or CF3503. The preparation is usually conducted
in an organic solvent under an inert atmosphere such as
nitrogen or argon. The reaction is conducted at ambient
pressure at a temperature between 0° C. and the boiling
point of the solvent. The resulting complexes contain-
ing the ligands, such as I or II, have a high degree of
5 enantiomeric purity and are useful as catalysts which
provide high enantiomeric selectivity in hydrogenation
of unsaturated substrates. _

The asymmetric catalysts can also be generated in

situ by reacting the ligand with appropriate precursor
complexes such as [CODRKCI};, or [NBDRQCl]>

wherein COD is 1,5-cyclooctadiene and NBD is nor-

bornadiene. Specific details of such a preparation are
exemplified in Becalski et al., Inorg. Chem., 30,
5002-5008 (1991).

Preferred for use in the present invention are cata-
lysts wherein the chiral ligand is of formula II com-
plexed with a transition metal. Particularly preferred
are catalysts wherein the chiral ligand is of formula II
wherein R is methyl, ethyl or isopropyl, Y is hydrogen,
and m is four. Preferred catalysts contain the transition
metals rhodium or iridium. Especially preferred is rho-
dium. Specific preferred catalysts for use herein in-
clude:

[(COD)RA(1,2-bis((2R,5R)-2,5-diethylphospholano)-

benzene)] +CF3SO3— or the (25,5S) analog thereof;

[(COD)RNI(1,2-bis((2R,5R )-2,5-diethylphos-

pholano)ethane)] +CF3SO3— or the (2S,5S) analog
thereof;

[(COD)Rh(1,2-bis((2S,55)-2,5-dimethylphos-

pholano)benzene)] +CF3S803~ or the (2R,5R) ana-
log thereof;

[(COD)RR(1,2-bis((2R,5R)-2,5-diisopropylphos-

pholano)benzene)] +CF3S0O3— or the (2S,5S) ana-
log thereof; and "

[(COD)RK(1,2-bis((2R,5R)-2,5-diisopropylphos-

pholano)ethane)] +CEF3SO3— or the (2S,5S) analog
thereof.

The present invention further comprises a process for
the reductive N—N bond cleavage of N-acylhydrazines
to amines. This process 1s the conversion of a N-acylhy-
drazine (3) to the corresponding amine (4) with the
stmultaneous generation of a carboxylic amide (5) ac-
cording to the following reaction:
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-continued
o H (3B)
-~ -~ 3
H N R? H N R
NN s NH, o SN N
H__| i #——=H_l + | Hy, & [
cC. O C C ) c O
Rl/ '\.Rz Rl.--'" ""\Rz R3..-"' "\NHz Rl..-"" \Rz
(3) ) () *
wherein
wherein | R! and R? are not the same and are each C; to Cis
R, R2 and R3 are as previously defined. 10 cyclic, linear or branched alkyl; C; to Cys5 cyclic,
This process also constitutes the third step of the linear or branched substituted alkyl; Cy to Cg fluo-
multistep process for the conversion of prochiral keto roalkyl; Cj to Cg perfluoroalkyl; aryl; substituted
group-bearing compounds to chiral amino group-bear- aryllzj;oara{l:iy{; nn% sqbstllj:ut? ar a]kérl; Far;?‘ﬁlkkoxﬁf
ing compounds when the starting N-acylhydrazine is 15 e o 2Cy5 VIV, oY Stmite Vinys alkynyl;
optically active. | - or ga; )12\][1(521{ )ZE%%(R 2]PR%;
i i . 1S U, O, ,» OT ol 25
: Al.l lmPO“a‘{t facet Of.thls asl:'}ect of the present mven- p and q are each integers, the same or different, from
tion is that optically active amines of formula (4A) and 1 to &
(4B) as previously defined can be prepared by starting R# is each independently H; F; aryl; C; to Cg alkyl;
with optically active mixture of enantiomeric N-acylhy- 20 'C1 to Cg fluoroalkyl; to C; to Cg perfluoroalkyl; or
drazines of formula (3A) and '(SB) as prf:vmusly defined. R4 together with R! or R2 form a ring; and
Any asymmetry of the starting material N-acylhydra- R3 is aryl, substituted aryl, or a linear, branched or
zine is completely preserved, i.e., there is no racemiza- cyclic C; to Cg alkyl.
tion, in the product amine, when an optically active )5 Such optically active N-acylhydrazines are prepared

starting material 1s employed.

Samarium diiodide is purchased as a tetrahydrofuran
solution from Alfa Products, P.O. Box 8247, Ward Hill,
Mass. 01835-0747. A preferred mode of reaction is to
add the samarium diiodide dissolved in tetrahydrofuran
to an alcoholic (methanol or ethanol) solution of the
N-acylhydrazine. The molar ratio of samarium diiodide
to N-acylhydrazine employed is from about 2 to 35,
preferably from about 2 to 3. |

The temperature range employed for the samarium
diiodide cleavage can range from 0° to about 50° C. A
preferred range is from 0° to about 30° C. The most
preferred temperature range is from 0° to about 20° C.
The time of reaction is typically 0.25 to 3 hours, more
preferably 0.25 to 1 hours. In some cases the reaction is
practically instantaneous.

The reaction is typically run under an inert gas (e.g.,
nitrogen, argon) atmosphere. Oxygen should be ex-

30
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cluded from the reaction. Starting materials should 44

preferably be free of oxygen and preferably free of
moisture.

The reaction is typically carried out at atmospheric
-pressure, but it is deemed possible to carry out the reac-
tion at elevated or reduced pressures if desired. It is
preferred to carry out the samarium ditodide cleavage
reaction with vigorous agitation.

The product may be isolated by any of the technmiques
employed in organic synthetic chemistry. Evaporation
of solvent, distillation, crystallization, filtration, chro-
~matographic methods may all be employed to advan-
tage.

The present invention further comprises an opitcally

active N-acylhydrazine of formula (3A) or (3B), or a ¢,
- mixture thereof,

(3A)
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from N-acylhydrazones according to step 2) of the

multistep process previously described. Preferred are
N-acylhydrazines of formula (3A) or (3B) wherein Rlis
phenyl, R2is methyl, and R3is phenyl, methyl, p-(nitro)-
phenyl, p-(methoxy)phenyl, p-(dimethylamino)phenyl,
t-butoxy, or 2-furoyl; R! is p-(methoxy)phenyl, p-
(trimethylsilylDphenyl, p-(bromo)phenyl, p-(carboe-
thoxy)phenyl, p-(nitro)phenyl, 2-naphthyl, tertbutoxy,
or phenyl, R2is methyl, and R3 is phenyl; R!is phenyl,
R2is ethyl, benzyl, or trifluoromethyl, and R3is phenyl;
R1is ethyl or isopropyl, R?is methyl, and R31is p-(dime-
thylamino)phenyl; R! is carbomethoxy, R2 is phenyl,
and R3 is phenyl; R! is carboethoxy, R2 is methyl, and
R3is phenyl; R!is methyl, R2is carboethoxy, and R3is
phenyl; or R! and R2 together are 1-indanyl and R3 is

phenyl.

In particular, preferred compounds are:
1-phenyl-1-(2-benzoylhydrazino)ethane;
1-p-methoxyphenyl-1-(2-benzoylhydrazino)ethane;
1-p-carboethoxyphenyl-1-(2-benzoylhydrazino)e-
thane;
1-p-nitrophenyl-1-(2-benozylhydrazino)ethane;
1-p-bromophenyl-1-(2-benzoylhydrazino)ethane;
1-phenyl-1-(2-benzoylhydrazino)propane;
1,2-diphenyl-1-(2-benzoylhydrazino)ethane;
1-(2-naphthyl)-1-(2-benzoylhydrazino)ethane;
ethyl 2-(2-benzoylhydrazino)propionate;
methyl 2-phenyi-2-(2-benzoylhydrazino)acetate;
3-methyl-2-(2-p-dimethylaminobenzoylhydrazino)-
butane; |
1-phenyl-1-(2-p-methoxybenzoylhydrazino)ethane;
1-phenyl-1-(2-p-dimethylaminobenzoylhydrazino)e-
thane;
2-(2-p-dimethylaminobenzoylhydrazino)butane; or
l1-phenyl-1-(2-benzoylhydrazino)-2,2,2-trifluoroe-
thane.

EXAMPLES

General Procedures

- All reactions and manipulations were performed in a
nitrogen-filled Vacuum Atmospheres Dri-Lab glove-
box or using standard Schlenk-type techniques. Ben-
zene, toluene, diethyl ether (Ety0), tetrahydrofuran
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(THF), glyme, hexane, and pentane were distilled from
sodium-benzophenone ketyl under nitrogen. Methanol
(MeOH) was distilled from Mg(OMe),. Other reagent
grade alcohol solvents and water were simply purged
with a stream of nitrogen for 30 min. prior to use.
Melting points were determined using a Mel-Temp
apparatus in capillaries sealed under mitrogen and are
uncorrected. HPLC analyses were performed using a
Hewlett Packard Model HP 1090 L.C interfaced to a HP
9000 Series 300 computer workstation. Optical Rota-
tions were obtained using a Perkin Elmer Model 241
MC Polarimeter. NMR spectra were obtained on Nico-
let NT-360 wide-bore (360 MHz 1H, 146 MHz 31P),
Nicolet NMC-300 wide-bore (300 MHz 1H, 120.5 MHz
31p, 75.5 Mz 13C) and Nicolet QM-300 narrow-bore
(300 MHz 1H) spectrometers. 13C and 1P NMR chemi-
cal shifts are positive downfield (and negative upfield)
from external MegqSi and 85% HsPQO4, respectively.
Elemental analyses were performed by Schwarzkopt

16 |

a) Preparation of chiral 8-hydroxy acids
A mixture of (3R)-methyl 3-hydroxypentanoate (290
g, 2.2 mol) in water (200 mL) and ethanol (200 mL) was
cooled to 0° C. To this cold solution was added a solu-
tion of KOH (185 g, 3.3 mol) in water (1 L). The reac-
tion was then allowed to stir at 25° C. for 48 h. The
resulting solution was concentrated to ca. 500 mL and
acidified (conc. HCI) until pH=1 was reached. The
precipitated salts were filtered and the filtrate was sub-

10 jected to continuous liquid/liquid extraction with di-

15

Microanalytical Laboratory, Inc., Woodside, N.Y., or 20

Pascher Mikroanalytisches Labor, Remagen-Bandorf
(FRG).

The chemical names for the phosphines listed mn the
tables are given below. Each was purchased from Strem
Chemicals (7 Mulliken Way, Newburyport, Mass.
01950) and used as received except for GLUP which
was prepared by the procedure of R. Selke et al., J. Mol.
Cat., 37, 213 (1986).

(S)-BINAP is (S)-(—)-2,2'-Bis(diphenylphosphino)-

1,1’-binaphthyl.

(R)-BINAP is (R)-(

1,1"-binaphthyl.

(S,S)-SKEWPHOS is (2S,45)-2,4-Bis(diphenylphos-

-)-2,2'-Bis(diphenylphosphino)-

phino)pentane.

(R,R)-SKEWPHOS is (2R,4R)-2,4-Bis(diphenyl-
phosphino)pentane.

(S,S)-CHIRAPHOS is (25,35)-Bis(diphenylphos-
phino)butane.

(R,R)-CHIRAPHOS is (2R,3R)-Bis(diphenylphos-
phino)butane.

(+)-DIOP is (+)-2,3-O-Isopropylidene-2,3-dihy-
droxy-1,4-bis(diphenylphosphino)butane.

(—)-DIOP is (—)2,3-O-Isopropylidene-2,3-dihy-
droxy-1,4-bis(diphenylphosphino)butane.

(R)-GLUP is Phenyl 4,6-O-(R)-benzylidene-2,3-O-
bis(diphenylphosphino)-8-D-glucopyranoside.

(S)-GLUP is Phenyl 4,6-O-(S)-benzylidene-2,3-O-
bis(diphenylphosphino)-£-D-glucopyranoside.

PREPARATION OF CATALYSTS HYDROXY
ESTERS |

Preparation of chiral 8-hydroxy esters

The preparation of chiral B-hydroxy esters used 1n
the diol syntheses was carried out as described by
Noyori and coworkers who have reported the asym-
metric reduction of B-keto esters using a ruthenium
catalyst bearing the chiral phosphine ligand BINAP.
All keto ester reductions were conducted on a 300 g
scale in Hasteloy steel autoclave vessels i a
MeOH/CH>Cl> (300 mL/300mL) solvent mixture. The
reactions were allowed to proceed at constant Hj pres-
sure (1500 psi) for 48 h at 25° C. Complete conversion of
the B-keto ester substrates was observed 1n all cases and
the products were simply distilled from the crude reac-
tion mixture. Consistent with the results of Noyori et
al., all products were determined >99% enantiomeri-
cally pure.
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ethyl ether (1 L) for 24 h. The diethyl ether was re-
moved on a rotovap to afford the product B-hydroxy
acid as a colorless oil (250 g, 97%). The crude product
was sufficiently pure to use in the next step (Kolbe-cou-
pling).
b) Preparation of (2R,5R)-2,5-hexanediol

A 1000 mL jacketed reaction vessel is charged with
(3R)-3-hydroxybutyric acid (52.0 g, 0.5 mol), methanol
(390 mL) and sodium methoxide (110 mL of a 0.3N
solution in methanol, 0.055 mol), and the mixture
(pH =5.38) was cooled to 0° C. with a circulating bath.
The electrode configuration used consists of a Pt foil
anode (20 cm?) wrapped around the outside bottom of a
small jointed tube which fits inside a larger jointed tube
with a Pt foil cathode (30 cm?) lining the inside (avg
electrode gap=2.5 mm). Using a 30 amp DC power
supply (Hewlett Packard Model No. 6269B), a constant
current (current density 0.25 A/cm?) of 5 amp was
applied until 56,000 coulombs (1.2 F/mol) were passed
at which point complete conversion of hydroxy acid
was indicated by gas chromatography. The reaction
and gas evolution (H> and CO3) proceed normally until
ca. 1.0 F/mol current are passed, after which the resis-
tance and solution pH are observed to increase. The
coloriess reaction mixture was then concentrated on a
rotovap, and the resulting solid residue was extracted
EtOAc (500 mL). After filtering, the remaining solids
were stirred with EtOAc (100 mL) for 10 h, filtered,

~ and the combined EtOAc extracts (600 mL) were con-
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centrated to a colorless solid. The solids were dissolved
in a minimum amount of warm Et0, quickly filtered
through a coarse frit, and the filtrate cooled to —78" C.
After two hours, the colorless crystals were filtered,
washed with cold pentane, and dried in vacuo (Yield
14.4 g, 48%). mp 53°-54° C.; [a]®’p=—139.6°+0.5° (c 1,
CHCl3) 1H NMR (CDyCl) 61.15 (d, Jgu=6.2 Hz, 6H,
CH3), 1.50 (m, 4H, CHjy), 2.95 (br, 2H, OH), 3.75 (m,
2H, CH); 13C NMR (CD:Cl,) §23.6, 35.9, 68.1. Anal.
Calcd for CsH1407: C, 60.98; H, 11.94. Found: C, 61.12;
H, 11.64.
c) Preparation of (2S,5S)-2,5-hexanediol

The titled compound was prepared as described
above in b) except that (3S)-3-hydroxybutyric acid was
used as substrate. [a]?’p=+39.4°+£0.5° (c 1, CHCl3).
Other spectroscopic properties were identical to those
given for the (R,R) compound.

CYCLIC SULFATES

The cyclic sulfates are best stored at or below 0° C. as
thermal decomposition was observed.

Preparation of (2R,5R)-2,5-hexanediol cyclic sulfate

To (2R,5R)-2,5-hexanediol (10.0 g, 0.085 mol) in
CCl (60 mL) was added via syringe thionyl chloride
(7.75 mL, 0.106 mol). The resulting brownish solution
was then refluxed for 1.5 h. After cooling to 25° C., the
reaction was concentrated on a rotovap to afford a
brown oil. The oil was then dissolved in a mixture of
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CCls (60 mL), CH3CN (60 mL), and H,0 (90 mL) and
the mixture was cooled to 0° C. To the cool mixture was
added RuCl3 trithydrate (0.12 g, 0.58 mmol) followed by
solid NalO4 (36.2 g, 0.169 mol). The reaction was al-
lowed to stir at 25° C. for 1 h. At this point, H,O (400
mL) was added and the mixture was extracted with
diethyl ether (4 X200 mL) and the combined ether ex-
tracts were washed with brine (2 X 100 mL). After dry-
ing over MgSO4 and filtration through a pad of SiO;
(important to remove dissolved Ru salts), the colorless
solution was concentrated to ca. 20 mL on a rotovap.
The addition of hexane (70 mL) and cooling to —10° C.
afforded the product as a colorless crystalline solid
which was filtered, washed with cold hexane and dried.
Recrystallization from ether/hexane in a similar manner
yielded pure colorless crystalline product which is best
stored below 0° C. (12.4 g, 81%): mp 80° C. (dec.);
[a]?p=—32.4° (c1. CHCl3); 'H NMR (CDCl3) 81.32
(d, Jgg=6.5 Hz, 6H, CH3), 1.55 (m, 2H, CH>), 2.20 (m,
2H, CH3), 3.60 (m, 2H, CH); 13C NMR (CDCl3) §22.67,
39.53, 44.31; HRMS (EI, direct insert): m/z 181.0551
(M++H, exact mass calcd for CgH1304S: 181.0534),
137.0284 (M-C,H30).

Preparation of (3S,65)-2,5-octanediol cyclic sulfate

To (35,65)-2,5-octanediol (15.0 g, 0.103 mol) in CCls

(60 mL) was added via syringe thionyl chloride (9.4
mL, 0.128 mol). The resulting brownish solution was
then refluxed for 15 h. After cooling to 25° C., the
reaction was concentrated on a rotovap to afford a
brown oil. The o1l was then dissolved in a mixture of
CCls (SO mL), CH3CN (90 mL), and H>O (135 mL) and
the mixture was cooled to 0° C. To the cool mixture was
added RuClj; trihydrate (0.18 g, 0.87 mmol) followed by
solid NalO4 (44.06 g, 0.206 mol). The reaction was
allowed to stir at 25° C. for 1 h. At this point, H>O (500
mL) was added and the mixture was extracted with
diethyl! ether (4X200 mL) and the combined ether ex-
tracts were washed with brine (2 X 100 mL). After dry-
ing over MgSOy4 and filtration through a pad of SiO;
(important to remove dissolved Ru salts), the colorless
solution was concentrated to ca. 20 mL on a rotovap.
The addition of hexane (70 mL) and cooling to —10° C.
afforded the product as a colorless crystalline solid
which was filtered, washed with cold hexane and dried.
Recrystallization from ether/hexane in a similar manner
yielded pure colorless crystalline product (1.5.1 g,
71%): mp 79.5°-80.5° C,; [a]*’p= +28.6° (c1. CHCIl3);
IH NMR (CDCl3) 60.98 (t, Jgg=7.2 Hz, 6H, CH3),
1.5-1.75 (m, 6H, CHj>), 2.20 (m, 2H, CH>), 3.35 (m, 2H,
CH); 13C NMR (CDCls) 813.15, 30.62, 36.89, 51.34.

Preparation of
(3S,65)-3,6-dihydroxy-2,7-dimethyloctane cyclic
| sulfate |

To (3S,65)-3,6-dihydroxy-2,7-dimethyloctane (14.75
g, 0.085 motl) in CCly (60 ml.) was added via syringe
thionyl chloride (7.75 mL, 0.106 mol). The resulting
pale yellow solution was then refluxed for 15 h. After
cooling to 25° C., the reaction was concentrated on a
rotovap to afford a pale yellow oil. The o1l was then
dissolved in a mixture of CCls (60 mL), CH3CN (60
mkL}), and H>O (90 mL) and the mixture was cooled to O°
C. To the cool mixture was added RuCl3 trihydrate
(0.12 g, 0.58 mmol) followed by solid NalOs (36.2 g,
0.169 mol). The reaction was allowed to stir at 25° C.
for 1 h. At this point, HoO (400 mL) was added and the
mixture was extracted with diethyl ether (4200 mL)
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and the combined ether extracts were washed with
brine (2 100 mL). After drying over MgSQOy4 and filtra-
tion through a pad of SiOQ; (important to remove dis-
solved Ru salts), the colorless solution was concen-
trated to dryness on a rotovap to afford a colorless
crystalline material. Recystallization from warm hexane
(25 mL) and cooling to —10° C. afforded the product as
a colorless crystalline solid whick was filtered, washed
with cold hexane and dried (18.14 g, 90%): mp
92.5°-93.5° C.; [a]?5p=—55.0° (cl. CHCl3); lH NMR
(CDCl3) 80.97 (d, Jgg=6.72 Hz, 6H, CHj3), 0.98 (d,
Jaa=6.66 Hz, 6H, CHj3), 1.85 (m, 2H, CH), 1.90 (m,
4H, CH>), 4.40 (m, 2H, CH); !13C NMR (CDCl3) §17.11,
18.67, 30.01, 32.79, 89.50.

PHOSPHINES

All reactions were conducted at room temperature
(ca. 25° C.) unless otherwise noted.

Preparation of
1,2-Bis((2S,58)-2,5-dimethylphospholano)benzene

To 1,2-bis(phosphino)benzene (0.79 g, 5.56 mmol) in
THEF (100 mL) was added dropwise via syringe n-BuLi
(6.95 mL of a 1.6M solution in hexane, 2.0 equiv.). The
yellow solution was allowed to stir for 1.5 h during
which it became slightly cloudy. To the resulting mix-
ture was then added a THF solution (10 mL) of
(2R,53R)-2,5-hexanediol  cyclic sulfate (2.03 g, 11.3
mmol) upon which the reaction decolorizes. After stir-
ring for 1 h, n-BulL.i (7.65 mL of a 1.6M hexane solution,
2.2 equiv.) is again added dropwise via syringe. Initially,
a yellow color appeared and then faded, and a gelati-
nous precipitate formed (additional THF may be added

- at this point 1n order to maintain stirring). Toward the

35

end of the addition the reaction remains yellow. The
mixture was allowed to stir for 1.5 h, after which
MeOH (3 mL) was added to quench any excess n-BuLi

- rematning. The resulting colorless mixture was filtered,
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and the gelatinous precipitate was washed thoroughly
with diethyl ether. The filtrate was concentrated to
produce a solid residue which was extracted with pen-
tane (50 mL) and filtered. Concentration of the filtrate
to 10 mL and cooling to —10° C. led to the product as
colorless crystals (0.80 g) which were filtered and dried
in vacuo. Further concentration of the filtrate and re-
crystallization of the residue from MeOH at —10° C.

led to a second crop of crystals (0.53 g) which were
filtered and dried in vacuo. Combined total yield 1.33 g
(78%): [alp?>= +476° (cl, hexane); TH NMR (CsDg) -
00.95 (ddd, 6H, CH3), 1.24 (ddd, 6H, CHj3), 1.20-1.35
(m, 2H, CH3), 1.70 (m, 1H, CH3), 1.95 (m, 1H, CH>),
2.45 (m, 2H, CH), 7.05 (m, 2H, Ph), 7.25 (m, 2H, Ph);
3IP NMR (CgDg) 6+2.9; 13C NMR (CgDg) 618.65,
20.66 (t, Jcp=18.2 Hz, CH3), 32.89, 34.38 (t, Jcp=6.8
Hz), 35.91, 36.49, 128.0, 31.49, 144.56; HRMS (EI, di-
rect insert): m/z 306.1638 (M+, exact mass calcd for
CigHagP2: 306.1667), 223.0796 (M-CgHjip), 192.1064

(M-C¢Hj1P).

Preparation of
1,2-Bis((2R,5R)-2,5-diethylphospholano)benzene -

To 1,2-bis(phosphino)benzene (1.01 g, 7.11 mmol) in
THF (160 mL) was added dropwise via syringe n-BuLi
(8.90 mL of a 1.6M solution in hexane, 2.0 equiv.). The
yellow solution was allowed to stir for 1.5 h during
which it became slightly cloudy. To the resulting mix-
ture was then added a THF solution (10 mL) of (3S,6S)-
2,5-octanediol cyclic sulfate (3.0 g, 14.4 mmol) upon
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which the reaction decolorizes. After stirring for 1 h,
n-BuLi (9.80 mL of a 1.6M hexane solution, 2.2 equiv.)
is again added dropwise via syringe. Initially, a yellow
color appeared and then faded. Toward the end of the
addition the reaction remains yellow. The mixture was
allowed to stir for 1.5 h, after which MeOH (3 mL) was
added to quench any excess n-BuLi remaining. The
resulting colorless mixture was concentrated to pro-
duce a gelatinous residue which was extracted with
pentane (150 mL) and filtered. Concentration of the
filtrate afforded the product as a coloriess oil (2.02 g,
78%). The crude product is essentially pure and may be
used without any further purification. If further purifi-
cation is desired, the product may be distilled 1n vacuo:
[alhd D25= —265° (c1, hexane); :H NMR (CsDs) 60.85
- (m, 6H, CH3), 0.80-0.90 (m, 2H, CH3), 0.97 (t, Jag="7.3
Hz, 6H, CH3), 1.10-1.40 (m, 4H, CH3), 1.50-1.80 (m,
6H, CH>), 1.90 (m, 2H, CH), 2.00-2.20 (m, 4H, CH)),
2.35 (m, 2H, CH), 7.06 (m, 2H, Ph), 7.31 (m, 2H, Ph);
31P NMR (CsDg) 6—4.5; 13C NMR (CgDg) 613.99,
14.11 (d, Jpc=4.15 Hz), 25.37, 28.80 (t, Jpc=16.56 Hz),
33.06, 33.37, 41.92, 42.34 (t, Jcp=6.70 Hz), 127.62,
132.25, 144.33; HRMS (EI, direct insert): m/z 362.2245
(M+, exact mass calcd for CxHieP2: 362.2292),
293.1570 (M-CsHg), 251.1086 (M-CgH5), 216.1193 (M-
Ci11Hjs), 185.1395 (M-Ci1H14P).

Preparation of
1,2-Bis((2R,5R)-2,5-diisopropylphospholano)benzene

To 1,2-bis(phosphino)benzene (1.20 g, 8.44 mmol) m
THF (100 mL) was added dropwise via syringe n-BulLi
(10.6 mL of a 1.6M solution in hexane, 2.0 equv.). The
yellow solution was allowed to stir for 1.5 h during
which it became slightly cloudy. To the resulting mix-
ture was then added a THF solution (10 mL) of (3S,6S)-
3,6-dihydroxy-2,7-dimethyloctane cyclic suifate (4.01 g,
17.0 mmol) upon which the reaction decolorized. After
stirring for 1 h, n-Buli (12.15 mL of a 1.6M hexane
solution, 2.2 equiv.) is again added dropwise via sy-
ringe. Initially, a yellow color appeared and then faded.
Toward the end of the addition the reaction remains
yellow. The mixture was allowed to stir for 1.5 h, after
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which MeOH (3 mL) was added to quench any excess °

n-BuLi remaining. The resulting colorless mixture was
concentrated to produce a gelatinous residue which was
extracted with pentane (150 mL) and filtered. Concen-
tration of the filtrate afforded the product as a viscous
colorless oil (2.47 g, 70%). The crude product was
essentially pure and may be used without any further
purification. Further purification, if desired, may be
accomplished by distillation in vacuo:
[a]p23=+59.6°+1° (cl, hexane); TH NMR (C¢Dg)
60.65 (d, Jgyg=6.4 Hz, 6H, CH3), 0.80-1.10 (m, 2H,
CHj), 1.03 (d, Jgg=6.6 Hz, 12H, CH3), 1.10 (4,
Jur=6.5 Hz, 6H, CH3), 1.20-1.65 (m, 6H, CH)y),
1.65-2.20 (m, 6H, CH, CH3), 2.40 (m, 2H, CH), 7.00 (m,
2H, Ph), 7.40 (m, 2H, Ph); 31P NMR (CeDs) 6—11.2;
HRMS (EI, direct insert): m/z 418.2916 (M+, exact
mass calcd for CyHy4P2: 418.2918), 403.2633 (M-CH3),
375.2351 (M-C3H7), 279.1535 (M-CjoHig), 247.1485

(M-Cj0H20P fragment).

Preparation of
1,2-Bis((2R,5R)-2,5-diethylphospholano)ethane

To 1,2-bis(phosphino)ethane (0. 667 g, 7.10 mmol) in
THF (100 mL) was added via syringe n-BuL.i (8.90 mL
of a 1.6M solution in hexane, 2.0 equiv.). The pale yel-
low solution was allowed to stir for 1.5 h. To the result-
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ing mixture was then added a THF solution (10 mL) of
(3S,65)-2,5-octanediol cyclic sulfate (3.0 g, 14.4 mmol)
upon which the reaction decolorizes. After stirring for
1 h, n-BuLi (10.2 mL of a 1.6M hexane solution, 2.3
equiv.) is again added dropwise via syringe. Initiaily, a
yellow color appeared and then faded, and a gelatinous
precipitate formed (additional THY may be added at
this point in order to maintain stirring). Toward the end
of the addition the reaction remains pale yellow. The
mixture was allowed to stir for 1.5 h, after which
MeOH (3 mL) was added to quench any excess n-BulLi
remaining. The resulting colorless mixture was concen-
trated to produce a gelatinous residue which was ex-
tracted with pentane (150 mL) and filtered. Concentra-
tion of the filtrate afforded the product as a colorless oil
(1.92 g, 86%). The crude product is essentially pure and
may be used without any further purification. If further
purification is desired, the product may be distilled in
vacuo: [a]p?3=+320° (cl, hexane); ‘H NMR (C¢Deg)
50.93 (t, Jgg=8.2 Hz, 6H, CH3), 0.95-1.10 (m, 2H,
CH>), 1.03 (t, Jgg=7.8 Hz, 6H, CH3), 1.15-1.40 (m, 6H,
CH,), 1.45-1.75 (m, 12H, CHy), 1.80 (m, 2H, CH), 1.95
(m, 2H, CH); 3!P NMR (Cg¢D¢) 6—5.9; 13C NMR
(CeDs) 614.75, 15.00, 20.32, 23.48, 29.46, 34.13, 34.94,
43.08, 45.85; HRMS (EI, direct insert): m/z 314.2289
(M+, exact mass calcd for CjgHsePa: 314.2292),
286.1949 (M-C2H4), 203.1099 (M-CgH5s), 172.1372 (M-
CsH;sP), 144.1037 (CsH17P fragments).

Preparation of
1,2-Bis((2R,5R)-2,5-diisopropylphospholano)ethane

To 1,2-bis(phosphino)ethane (0.50 g, 5.32 mmol) n
THF (75 mL) was added via syringe n-BulL.1 (6.65 mL
of a 1.6M solution in hexane, 2.0 equiv.). The pale yel-
low solution was allowed to stir for 1.5 h. To the result-
ing mixture then was added a THF solution (10 mL) of
(3S,6S)-3,6-dihydroxy-2,7-dimethyloctane cyclic sul-
fate (2.53 g, 10.7 mmol) upon which the reaction decol-
orized. After stirring for 1 h, n-BuLi (7.64 mL of a 1.6M
hexane solution, 2.3 equiv.) was again added dropwise
via syringe. Initially, a yellow color appeared and then
faded, and a gelatinous precipitate formed (additional
THF may be added at this point in order to maintain
stirring). Toward the end of the addition the reaction
remained pale yellow. The mixture was allowed to stir
for 1.5 h, after which MeOH (3 mlL) was added to
quench any excess n-BuLi remaining. The resulting
colorless mixture was concentrated to produce a gelati-
nous residue which was extracted with pentane (150
mL) and filtered. Concentration of the filtrate to ca. 10
mL and cooling to —20° C. provided the product as
colorless crystals which were filtered and dried iIn
vacuo (1.45 g, 74%). The crude product was analyti-
cally pure and may be used without any further purifi-
cation. If further purification is desired, the product
may be recrystallized from Et;0/MeOH at —20° C. to
provide lc as colorless crystals: [a]p??= —264"+=320°
(c1, hexane); 'H NMR (CgDyg) 060.84 (d, Jug=6.4 Hz,
6H, CH3), 0.80-1.10 (m, 2H, CH3), 0.95 (d, Jgg=6.6
Hz, 6H, CH3), 1.09 (d, Jgy=6.5 Hz, 6H, CH3), 1.10 (d,
Jug=6.5 Hz, 6H, CH3), 1.20-1.45 (m, 4H, CHjy),
1.45~1.75 (m, 8H, CH, CH>), 1.80-2.05 (m, 4H, CH); 3!P
NMR (CgDs) 6—10.1; 13C NMR (CgDs¢) 620.27, 20.36,
22.24, 22.81, 23.21, 24.52, 29.48, 32.84, 33.04, 50.32,
52.19; HRMS (EI, direct insert): m/z 370.2894 (M,
exact mass calecd for CaHauPr: 370.2918), 355.2603
(M-CHj3), 342.2634 (M-CHs), 327.2336 (M-C3Hy),
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231.1241 (M-CjoH19), 199.1611 (M-CyoH20P fragment),
172.1387 (C12H23P fragment).

COMPLEXES

Rhodium complex
[(COD)RA(1,2-Bis((2R,5R)-2,5-diethylphospholano)e-
thane)}+CF3SO3~ (Complex A)

To [(COD)Rh]TOTf— (0.149 g, 0.32 mmol,
COD=1,5-cyclooctadiene, OTf=CF3S503) in THF (10
ml.) at 25° C. was added dropwise a solution of 1,2-
Bis((2R,5R)-2,5-diethylphospholano)ethane (0.1 g, 0.32
mol) in THF (3 mL.). The solution turned orange from
yellow upon the phosphine addition. The reaction was
allowed to stir for 15 min, and then Et;0 (30 mL) was
slowly added to the solution to produce a small amount
of brown oil. The orange solution was decanted from
the oil. Further slow addition of Et;O yielded a bright
orange precipitate which was filtered and washed with
Et;0. The solids were dissolved in CH>Cly (5 mL),
filtered, and EtoO (30 mL) was added slowly to the
orange filtrate to provide the product as a bright orange
microcrystalline solid (0.125 g, 58%): IH NMR
(CD2Cly) 61.07 (t, Jgg=7.3 Hz, 6H, CH3), 1.13 (,
Yag=7.3 Hz, 6H, CH3), 1.20-1.50 (m, 8H, CHy),
1.50-2.10 (m, 12H, CH, CHy), 2.15-2.60 (m, 12H, CH,
CH3), 4.85 (m (br), 2H, COD—CH), 5.30 (m (br), 2H,
COD—CH), 7.70 (m, 4H, Ph); 3P NMR (CD,Cly)
071.2 (d, Jrwp=145.3 Hz); Anal. Calcd for
Cy7H4sFH303P>SRh: C, 48.07; H, 7.17; P, 9.18. Found:
C, 48.19; H, 7.23; P, 9.15.

Rhodium complex
[(COD)RAK(1,2-Bis((2R,5R)-2,5-diisopropyl-phos-
pholano)ethane)]|+ CF3SO3;—~ (Complex B)

This complex was prepared in a manner analogous to
that described above with the exception that the diphos-
- pholane 1,2-Bis((ZR,5R)-2,5-diisopropylphospholano)e-
thane was used. 'H NMR (CD>Cly) 60.97 (d, Jgg=©6.6
Hz, 6H, CH3), 0.90-1.20 (m, 2H, CHj), 1.10 (d,
Jgg=6.6 Hz, 6H, CH3), 1.15 (d, Jgz=6.5 Hz, 6H,
CH3), 1.40 (d, Jgg=6.5 Hz, 6H, CH3), 1.30-1.50 (m,
4H, CH>), 1.50-2.00 (m, 10H, CH, CH3), 2.00-2.60 (m,
12H, CH), 4.85 (m (br), 2H, COD-—CH), 5.30 (m (br),
2H, COD—CH); 3P NMR (CDyCly) 665.2 (d,
Jrrp=145.2 Hz); Anal. Calcd for C31Hs¢lF303P2SRh:
C, 50.96; H, 7.72; P, 8.48. Found: C, 51.15; H, 7.71; P,
8.52.

Rhodium complex
[(COD)RhI(1,2-Bis((2S,58)-2,5-dimethyl-phospholano)-
benzene)]+CF3S03— (Complex C)

This complex was prepared in a manner analogous to
that described above with the exception that the diphos-
pholane 1,2-Bis((2S,5S)-2,5-dimethylphospholano)ben-
zene was used. 1H NMR (CD-,Cl,) 61.01 (dd, Jyz=6.8
Hz, Jpg=15.0 Hz, 6H, CH3), 1.45 (dd, Jgag="7.1 Hz,
Jpy=18.2 Hz, 6H, CH3), 1.55 (m, 2H, CH3), 1.95 (m,
2H, CH, CH»), 2.20-2.60 (m, 12H, CH; CH), 2.65 (m,
2H, CH, CH3), 2.75 (m, 2H, CH, CH3), 5.05 (br, 2H,
COD—CH), 5.62 (br, 2H, COD—CH), 7.75 (m, 4H,
Ph); 31P NMR (CD;Clp) 676.3 (d, Jrap=148.7 Hz);
Anal. Caled for Cy7H4oF303P2SRh: C, 48.66; H, 6.03;
P, 9.29. Found: C, 48.43; H, 6.02; P, 9.31.
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Rhodium complex
[(COD)Rh(l 2-Bis((2R,5R)-2,5-diethyl-phospholano)-
- benzene)] +CF3S03— (Complex D)

To [(COD);Rh]+OTf— (0.13 g, 0.28 mmol,
COD=1,5-cyclooctadiene, OTf=CF3S03) in THF (10
mL) at 25° C. was added dropwise a solution of 1,2-
Bis((2R,5R)-2,5-diethylphospholano)benzene (0.10 g,
0.28 mmol) in THF (5 mL). The solution turned orange
from yellow upon the phosphine addition. The reaction
was allowed to stir for 15 min, and then Et;O (30 mL)
was slowly added to the solution to produce an orange
microcrystalline precipitate which was filtered, washed
with EtyO, and briefly dried. The solids were dissolved
in CH2Cl2 (5 mL), filtered, and Et2O (30 mL)) was added
slowly to the orange filtrate to provide the product as
an orange microcrystalline solid (0.112 g, 56%): 'H
NMR (CD,Cly) 80.86 (t, Jyg=7.3 Hz, 6H, CH3), 1.02
(t, Jgg=7.3 Hz, 6H, CH3), 1.2-1.6 (m, 6H, CH>), 1.85
(m, 4H, CH, CH)), 2.20 (m, 2H, CH, CH>), 2.20-2.70
(m, 14H, CH; CH), 4.90 (m (br), 2H, COD—CH), 5.60
(m (br), 2H, COD—CH), 7.70 (m, 4H, Ph); 31P NMR
(CD2Cl2) 669.5 (d, Jrpp=148.3 Hz); Anal. Calcd for

C31H4sF303P2SRh: C, 51.53; H, 6.69; P, 857 Found:

C, 52.14; H, 6.72; P, 8.64.

Rhodium complex
[(COD)RI(1,2-Bis((2R,5R)-2,5-diisopropyl-phos-
pholano)benzene)}+CF3SO3;— (Complex E)

This complex was prepared in a manner analogous to
that described above with the exception that the diphos-
pholane 1,2-Bis((2R,5R)-2,5-diisopropylphospholano)-
benzene was used. 'H NMR (CD;Cly) 60.72 (d,
Jaup=6.6 Hz, 6H, CH3), 0.73 (d, Jgg=6.7 Hz, 6H,
CH3), 1.13 (d, Jgg=6.5 Hz, 6H, CH3), 1.14 (d,
Jar=6.6 Hz, 6H, CH3), 1.60 (m, 4H, CH>), 1.95 (m, 4H,
CH, CHy), 2.15 (m, 2H, CH>), 2.20-2.45 (m, 6H, CHa,
CH), 2.45-2.70 (m, 8H, CH, CH,), 4.95 (br, 2H, CO-
D—CH), 5.60 (br, 2H, COD—CH), 7.65 (m, 2H, Ph),
7.75 (m, 2H, Ph); 31P NMR (CD,Cl;) 865.5 (d,
Jrrp=148.5 Hz).

~ SUBSTRATES
- N-Acylhydrazone Substrates

All substrates were prepared by the same general and
standard procedure (see “The Chemistry of the Am-
ides”, Patai. S.; Zabicky, J., Eds.; John Wiley and Sons:
New York, 1970, pp 560-561) involving treatment of a
carboxylic acid hydrazide (commercially available from
either Aldrich Chemical Co., P.O. Box 355, Milwaukee,
Wis. 53021 or Lancaster Synthesis Inc., P.O. Box 1000,
Windham, N.H. 03087-9977) in tetrahydrofuran solvent
with a ketone in the presence of a catalytic amount of
acid catalyst (3 drops concentrated HCIl). In general,
most products precipitated as colorless solids from the
reaction solution. The solids were filtered, washed with
tetrahydrofuran, diethyl ether, and pentane, and dried
in vacuo. In cases were the product did not precipitate,
the reaction was monitored by thin layer chromatogra-
phy. Upon completion, the reaction was concentrated,
and purified by crystallization or column chromatogra-
phy on silica.

Acetophenone N-Benzoylhydrazone

To a solution of benzoic acid hydrazide (5.70 g, 0.042
mol) in tetrahydrofuran (75 ml.) was added acetophe-
none (5.5 g, 0.046 mol) followed by concentrated. HCI
(3 drops). The reaction was allowed to stir for 12 h at
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25° C. during which time the product precipitated as a
colorless crystalline solid. The product was filtered,
washed with tetrahydrofuran (1X30 mL), diethyl ether
(3 X 60 mL) and pentane (2 X 60 mL), and the crystalline
solids were dried in vacuo (6.65 g, 64%). TH NMR
(CD,Cly): §2.35 (s, 3H, CH3), 7.30-8.0 (m, 10H, Ph), 9.0
(br, 1H, NH). All other substrates were prepared in a
similar fashion.

Asymmetric Hydrogenation of Hydrazones: General.
Procedure

In a nitrogen-filled dry box, a 100 mL Fisher-Porter
tube was charged with substrate (0.4 to 1.26 mmol),
followed by degassed solvent (10 to 20 mL, 0.04 to
0.063M in substrate), and catalyst (0.3 mol %). After six
vacuum/H> cycles to purge the lines of air and two
vacuum/H> cycles on the reaction mixture, the tube

was pressurized to an initial pressure of 15 to 60 psig
(1X 105 to 4 X 105 pascals) H> (Matheson, 99.998%). The
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reactions were allowed to stir at temperatures ranging

from —10° C. to 25° C. until no further hydrogen up-
take was observed. Complete (100%) conversion to
product was indicated by GC, TLC and 'H NMR anal-
yses, unless otherwise noted. The reactions were con-
centrated, and the residue passed through a short SiO;
column (EtOAC/hexane or Et;O/pentane, 50/50) to
remove catalyst residues. Without further purification,
the enantiomeric excesses were determined directly
with the crude products thus obtained.

EXAMPLE 1

‘Asymmetric Hydrogenation of Acetophenone
N-Benzoylhydrazone

A 100 mL Fisher-Porter tube was charged with a stir
bar, acetophenone N-benzoyhydrazone (300 mg, 1.26
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mmol), 2-propanol (15 mL) and rhodium catalyst

[(COD)RK(1,2-Bis((2R,5R)-2,5-diethylphospholano)-

. benzene)]+CF3SO3— (1.0 mg, 0.00136 mmol). While
the substrate is not completely soluble in 2-propanol
under these conditions, the reaction proceeds normally.

The tube was then conmected to a hydrogen tank

(Matheson, 99.998%) and the lines were purged of air
by four vacuum/H- cycles. After two vacuum/H; cy-
cles on the reaction mixture, the tube was pressurized to
an initial pressure of 60 psig (4 X 10° pascals) Hz and the
reaction tube was rapidly placed in a 0° C. bath. After
allowing 20 min. for equilibration, the stirring was
started and-the reaction was allowed to proceed until no
further hydrogen uptake was observed (12 h). At this
pomt the reaction was homogeneous. Complete con-
version to product was indicated by thin layer chroma-
tography and capillary gas chromatography (methyl
silicone column). The reaction was concentrated on a
rotovap and the residue was chromatographed on a
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short SiO; column (ca. 6X0.5 cm) using 50% ethyl

acetate/hexane as eluent. The fractions containing
product were concentrated on a rotovap to give (S)-
(—)-1-phenyl-1-(2-benzoylhydrazino)ethane as a color-
less crystalline solid (275 mg, 91%). Enantiomeric ex-
cess analysis by HPLC using the Daicel column Chiral-
cel OJ (90/10 hexane/2-propanol; 40° C., 0.5 mL/min
flow) indicated product of 92% enantiomeric purity.
The same reaction using the antipodal -catalyst,
[(COD)RI(1,2-Bis((2S,55)-2,5-diethylphospholano)-

benzene)]+CF3S03—, afforded the opposite enantiomer
of the product, (R)-(+)-1-phenyl-1-(2-benzoylhy-
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drazino)ethane, with identical enantiomeric excess
(92%).

Samarium(II) Iodide-Induced N—N Bond Cleavage:
General Procedure

To the hydrazone hydrogenation products in metha-
nol was added rapidly dropwise a solution of samarium-
(II) iodide (2.2 mole equivalents, obtained as a tetrahy-
drofuran solution from Alfa Products, P.O. Box 8247,
Ward Hill, Mass. 01835-0747). Upon addition, the blue
color of the samarium(Il) iodide solution decolorized.
After complete addition, the reaction was allowed to
stir for 30 min. The reaction was then concentrated on
a rotovap, and to the resulting residue was added 1M
HCl. The aqueous layer was extracted with diethyl
ether to remove essentially all organic by-products.
These combined fractions were discarded. 'The aqueous
layer was made basic to litmus by the addition of 3M
NaOH and then was extracted with diethyl ether. The
combined ether extractions were dried over potassium
carbonate or a small amount of magnesium sulfate. Con-
centration of the ether provlded the amine as essentially
the only product.

EXAMPLE 2
Samarium(II) Iodide-Induced N—N Bond Cleavage of
2-Phenyl-2-(2-benzoylhydrazino)ethane

To (5S)-(—)-2-phenyl-2-(2-benzoylhydrazino)ethane
(0.40 g, 1.66 mmol, 89% ee) in methanol (7 mL) was
added rapidly dropwise a solution of samarium(1I) 10-
dide (70 mL of a 0.05M solution in tetrahydrofuran).
After complete addition, the reaction was allowed to
stir for 30 min. The reaction was then concentrated on
a rotovap, and to the resulting residue was added 1M
HCIl (15 mL). The aqueous layer was extracted with
diethyl ether (8 X25 mL). The aqueous layer was made
basic to litmus by the addition of 3M NaOH and then
was extracted with diethyl ether (8 X235 mL). The com-
bined ether extractions were dried over a small amount
of magnesium sulfate. Concentratlon of the ether solu-
tion on a rotovap prov:ded the product. (S)-(—)-a-
methylbenzylamine as a colorless oil (0.144 g, 72%):
[a]p?0=—37.1° (c 1.33, C¢H¢), lH NMR (CDCl3):
561.40 (d, Jgg=06.3 Hz, 3H, CHj3), 1.70 (br, 2H, NH),
4.14 (q, Jgg=6.3 Hz, 1H, CH), 7.25 (m, 1H, Ph), 7.45

- (m, 4H, Ph). The enantiomeric purity of the amine prod-

uct (S)-(— )-a-methylbenzylamine was determined to be
89% ee using chiral capillary GC methods (J & W Cy-
clodex B column, 80° C., isothermal, (R) t; 20.57 min;
(S) t2 21.33 min).

 EXAMPLES 3-7
In Table 1, are shown the results of hydrogenations of

-various N-acylhydrazones [1.e., the conversion of com-

pounds of the structure (2) to compounds of the struc-
ture (3)] using the general procedure described above
with substrates, catalysts, and conditions as specified in
the table. The various catalysts were employed at a
mole ratio of 0.1 mol % relative to N-acylhydrazone
and at an initial hydrogen pressure of 30 psi (2 10°
pascals) with a 0.05-0.06M solution or slurry of sub-
strate in methanol. Essentially identical results were
obtained at 1 atm (1< 103 pascal). Reaction time was 2

to 4 hours. Enantiomeric excesses were determined by
chiral HPL.C (Daicel Chiralcel OJ).
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EXAMPLE 8

In Table II is shown results from the effect of solvent
in the asymmetric hydrogenation of compounds of the
structure (2) to compounds of the structure (3) using the
general procedure described above. For all entries in
the table, R! was phenyl, R? was methyl, and R3 was
phenyl in both structure (2) and (3). For all entries the
catalyst employed was the rhodium complex
[(COD)RI(1,2-Bis((2R,5R)-2,5-diethyl-phospholano)-
benzene)] + CF3S0O3— at a mole ratio of 0.2 mol % rela-
tive to N-acylhydrazone and at an imtial hydrogen
pressure of 60 psi (4 atm, 4X10° pascal) with a
0.05-0.06M solution or slurry of substrate in the chosen
solvent. Reaction temperature was 20° C. Enantiomeric
excesses were determined by chiral HPL.C (Daicel Chi-
ralcel OJ).

EXAMPLES 9-16

In Table III, are shown the results of additional hy-
drogenation experiments using the general procedure
described above employing various catalysts. For all
entries in the table, R! was phenyl, R? was methyl, and
R3 was phenyl in both structure (2) and (3). For entries
9-14 the catalyst was of the form [(COD)Rh-
(ligand)]+CF3SO3—. For entries 15-16 catalyst form
was as shown. Catalysts were employed at a mole ratio
of 0.5 mol % relative to N-acylhydrazone and at an
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initial hydrogen pressure of 60 psi (4 atm, 4 X 10° pascal) |

with a 0.05-0.06M solution or slurry of substrate in
isopropanol. Reaction temperature was 20° C. Enantio-
meric excesses were determined by chiral HPLC (Dai-
cel Chiralcel OJ).

EXAMPLES 17-24

In Table IV are shown the results of additional hy-
drogenation experiments using the general procedure
described above. For all' entries in the table, Rl was
phenyl and R“ was methyl in both structure (2) and (3).
R3 was as shown. For all entries the catalyst employed
was the rhodium complex [(COD)RI(1,2-Bis((2R,5R)-
2,5-diethyl-phospholano)benzene)| +CF3S0O3— at a
mole ratio of 0.5 mol % relative to N-acylhydrazone
and at an initial hydrogen pressure of 30 psi (2 atm,

30
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2% 10° pascal) with a 0.05-0.06M solution or slurry of 45

substrate in isopropanol. Reaction temperature was 20°
C. Enantiomeric excesses were determined by chiral

HPLC (Daicel Chiralcel OJ).

EXAMPLES 25-30

In Table V are shown the results of additional hydro-
genation experiments using the general procedure de-
scribed above. For all entries in the table, R! was para-
X-CgHy-, X being as shown in the table, R% was methyl,
and R3 was phenyl in both structure (2) and (3). For all
entries the catalyst employed was the rhodium complex
[(COD)RN(1,2-Bis((2R,5R)-2,5-diethylphospholano)-
benzene)}+CF3SO3~ at a mole ratio of 0.5 mol % rela-
tive to N-acylhydrazone and at an initial hydrogen
pressure of 60 psi (4 atm, 4X10° pascal) with a
0.05-0.06M solution or slurry of substrate in 1sopropa-
nol. Reaction temperature was 20° C. Enantiomeric
excesses were determined by chiral HPLC (Daicel Chi-

ralcel OJ).

EXAMPLES 31-34

In Table VI are shown the results of additional hy-
drogenation experiments using the procedure and cata-

30

33
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65
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lyst of Examples 25-30. For all entries R! was phenyl,
R?2 was methyl and R3 was phenyl in both structure (2)
and (3). The reaction temperature was as listed. All
other conditions were as in Examples 25-30.

-  EXAMPLES 35-50

In Table VII are shown the results of additional hy-
drogenation experiments. For all entries in the table, in
both structure (2) and (3), R1, R2and R3 were as shown.
For all entries the catalyst employed was the rhodium
complex [(COD)RK(1,2-Bis((2R,5R)-2,5-diethylphos-
pholano)benzene)|+CF3SO—3 (except example 35 in
which the 25,58 analog was used), at a mole ratio of 0.2
mol % relative to N-acylhydrazone and at an initial
hydrogen pressure of 60 psi (4 atm, 4 X 10° pascal) with
a 0.05-0.06M solution or slurry of substrate in isopropa-
nol. Reaction temperature and time was as shown in the
table. Enantiomeric excesses were determined by chiral
HPLC (Daicel Chiralcel OJ or OB).

Enantiomeric Excess Determinations

Enantiomeric excesses were determined for N-acyl-
hydrazines of formula (3A) and (3B) by HPLC as fol-
lows: 1-phenyl-1-(2-benzoylhydrazino) ethane, Exam-
ple 8, (HPLC, Daicel Chiralcel QOJ, 40° C., 0.5 mL/muin,
10% 2-propanol/90% hexane: (R) t1 15.6 min; (S) t 18.5
min); 1-p-methoxyphenyl-1-(2-benzoylhydrazino)e-

thane, Example 36, (HPLC, Daicel Chiralcel OJ, 40°

C., 0.75 mL/min, 10% 2-propanol/90% hexane: (R) t;
17.47 min; (S) t; 22.64 min); 1-p-carboethoxyphenyl-1-
(2-benzoylhydrazino)ethane, Example 37, (HPLC, Dai-
cel Chiralcel OJ, 40° C., 0.5 mL/min, 10% 2-
propanol/90% hexane: (S) t; 33.08; (R) t2 37.39 min);
I-p-nitrophenyl-1-(2-benzoylhydrazino)ethane, Exam-
ple 38, (HPLC, Daicel Chiralcel OJ, 40° C., 0.75
ml./min, 10% 2-propanol/90% hexane: (S) t; 41.38
min; (R) tz 48.55 min); 1-p-bromophenyl-1-(2-benzoyl-
hydrazino)ethane, Example 39, (HPLC, Daicel Chiral-
cel OB, 40° C,, 1.0 ml./min, 5% 2-propanol/95% hex-
ane: (R) t1 12.75 min; (S) t2 20.55 min); 1-p-trimethyl-
silylphenyl-1-(2-benzoylhydrazino)ethane, Example 26,
(HPLC, Daicel Chiralcel OJ, 40° C., 0.4 mL/min, 3%
2-propanol/97% hexane: (R) t; 23.06 min; (S) ty 25.47
min); 1-phenyl-1-(2-benzoylhydrazino)propane, Exam-
ple 40, (HPLC, Daicel Chiralcel OB, 40° C.,, 0.5
mL./min, 5% 2-propanol/95% hexane: (R) t; 15.26 min;
(S) t2 18.87 min); 1,2-diphenyl-1-(2-benzoylhydrazino)e-
thane, Example 41, (HPLC, Daicel Chiralcel OJ, 40°
C., 0.5 mL/min, 10% 2-propanol/90% hexane: (S) t;
22.36 min; (R) ty 25.09 min); 1-(2-naphthyl)-1-(2-ben-
zoylhydrazino)ethane, Example 43, (HPLC, Daicel
Chiralcel OJ, 40° C, 1.0 mL/min, 10% 2-
propanol/90% hexane: (R) t; 17.63 min; (S) t2 21.08
min); ethyl 2-(2-benzoylhydrazino)propionate, Example
44, (HPLC, Daicel Chiralcel OJ, 40° C,, 0.5 mL/min,
10% 2-propanol/90% hexane: t; 13.55 min; t3 15.16
min); methyl 2-phenyl-2-(2-benzoylhydrazino)acetate,
Example 45, (HPLC, Daicel Chiralcel OJ, 40° C., 0.5
mL./min, 10% 2-propanol/90% hexane: t; 27.35 min; t
33.05 min); ethyl 3'methyl-2-(2-benzoylhydrazino)buty-
rate, Example 46, (HPL.C, Daicel Chiralcel OJ, 40° C,,
0.3 ml./min, 2% 2-propanol/98% hexane: t1 57.72 min;
to 61.39 min); 3,3-dimethyl-2-(2-benzoylhydrazino)bu-
tane, Example 49, (HPLC, Daicel Chiralcel OJ, 40° C,,
0.5 mL/min, 10% 2-propanol/90% hexane: t; 10.45
min; t; 11.88 min); 1-phenyl-1-(2-p-nitrobenzoylhy-
drazino)ethane, Example 19, (HPL.C, Daicel Chiralcel
0J, 40° C,, 1.0 mL/min, 10% 2-propanol/90% hexane:
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(S) t; 20.01 min; (R) t; 23.84 min); 1-phenyl-1-(2-p-
methoxybenzoylhydrazino)ethane, @ Example 21,
(HPLC, Daicel Chiralcel OJ, 40° C., 0.5 mL/min, 10%
2-propanol/90% hexane: (S) t1 25.46 min; (R) tz 27.77
min); 1-phenyl-1-(2-p-dimethylaminobenzoylhy-
drazino)ethane, Example 22, (HPLC, Daicel Chiralcel
0], 40° C., 0.5 mL/min, 7.5% 2-propanol/92.5% hex-
ane: (R) t1 46.70 min; (S) t2 48.97 min); 1-phenyl-1-(2-o-
methoxybenzoylhydrazino)ethane, Example 20,
(HPLC, Daicel Chiralcel OJ, 40° C,, 0.4 mL/min, 10%
2-propanol/90% hexane: (R) t; 22.40 min; (S) t2 24.15
min); 3-methyl-2-(2-p-dimethylaminobenzoylhy-
drazino)butane, Example 47, (HPLC, Daicel Chiralcel
0J, 40° C., 0.5 mL/min, 10% 2-propanol/90% hexane:
t1 16.61 min; t; 18.47 min); 2-(2-p-dimethylaminoben-
zoylhydrazino)butane, Example 48 (HPLC, Daicel Chi-
ralcel OB, 40° C., 1.0 mL/min, 10% 2-propanol/90%
hexane: t; 12.36 min; t2 22.40 min); 1-phenyl-1-(2-(2-
furoyl)hydrazino)ethane, Example 24, (HPLC, Daicel
Chiralcel OB, 40° C., 1.0 mL/min, 5% 2-propanol/95%

hexane: (R) t; 12.10 min; (S) t 15.60 min); 1-phenyl-1-

(acetylhydrazino)ethane, Example 17, (GC, Chrom-
pack, XE60-(S)-Val, 175° C. (isothermal) (S) t; 30.36
min; (R) t2 31.57 min); a-methylbenzylamine (GC, J&W
Scientific, Cyclodex B, 80° C. (isothermal) (R) t1 20.57
min; (S) t3 21.33 min). Enantiomeric excesses listed are
the average value obtained from 2-3 experiment s.

Optical Rotations-N-acylhydrazines of Formula (3A)
and (3B)

(S)-1-phenyl-1-(2-benzoylhydrazino)ethane, Example
8, (92% ee; [a]p?0= —163.6° (c 2.72, CHCl3)); (S)-1-p-
nitrophenyl-1-(2-benzoylhydrazino)ethane, = Example
38, (97% ee; [a]p?P=—211.8° (c 1, CHCI3)); (S)-1-(2-
naphthyl)-1-(2-benzoylhydrazino)ethane, Example 43,
(95% ee; [a] p?O= —204.5° (c 3.90, CHCI))); (S)-methyl
2-phenyl-2-(2-benzoylhydrazino)acetate, Example 45,
(96% ee; [a]p?V=—98.0° (c 1, CHCly)); (S)-ethyl 2-(2-
benzoylhydrazino)propionate, Example 44, (88% ee;
[a] p?0= —57.4° (c 1, CHCI3)); (S)-1-p-methoxyphenyl-
1-(2-benzoylhydrazino)ethane, Example 36, (88% ee;
[a] p?0= —188.9° (¢ 0.67, CHCI3)); (S)-1-p-carboethox-
yphenyl-1-(2-benzoylhydrazino)ethane, Example 37,
(96% ee; [a]p?0=—200.0° (¢ 1, CHCIl3)); (S)-1-p-
bromophenyl-1-(2-benzoylhydrazino)ethane, Example
39, (98% ec; [alp?®= —191.6° (c 1, CHCI3)); (S)-1-phe-
nyl-1-(2-p-methoxybenzoylhydrazino)ethane, Example
21, (96% ee; [a]p?P== —163.6° (c 1, CHCIl3)); (§)-2-phe-
nyl-2-(2-p-dimethylaminobenzoyl-hydrazino)ethane,
Example 22, (92% ee; [a]p?0= —150.4° (¢ 1, CHCl3));
(S)-1-phenyl-1-(2-benzoylhydrazino)propane, Example
40, (84% ee; [a]lp?®=31 132.2° (¢ 1, CHCI3)); (S)-1,2-
diphenyl-1-(2-benzoylhydrazino)ethane, Example 32,
(84% ee; [a]p?C=—79.8° (c 1, CHClj3)); 3-methyl-2-(2-
p-dimethylaminobenzoylhydrazino)butane, Example
47, (13% ee; [a]p?®=+12.4° (c 1, CHCI3)).

Absolute Configurations

The N-acylhydrazine (formula (3A) or (3B)) absolute
configurations were established by converting to the
primary amine (formula (4A) or (4B)) via the samarium-
(IT) iodide-induced N—N bond cleavage, followed by
comparison of the sign of optical rotation of the amine
with that of the authentic configurationally assigned
compound. The following referenced compounds were
used for comparison: (8)-(—)-a-methylbenzylamine
([a]p?0=—40.3° (c 1.33, CsHs, commercial sample));
(R)-(+)-a-(2-naphthyl)ethylamine ([a]p?0=+21.0° (c
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2.0, ethanol)); (S)-(—)-a-ethylbenzylamine
([a]p?°=—-21.7" (¢ 1.0, benzene)); (R)-(+)-a-(p-
methoxyphenyl)ethylamine ([a]p?=+421.6° (neat));
R-(—)-1,2-diphenylethylamine (Ja]p!®=—51.2° (c 3.7,
ethanol)); (R)-(+)-a-(p-nitrophenyl)ethylamine
(([a]p??=+16.7° (neat)).

IH NMR Data for N-Acylhydrazines of Formula (3A)
or (3B)

Example

8 1-phenyl-1-(2-benzoylhydrazino)ethane 1H NMR
(CDCl3) d 1.50 (4, Jgu=6.7 Hz, 3H, CH3), 4.37 (q,
Jar=6.7 Hz, 1H, NCH), 7.2-7.6 (m, 8H, Ph), 7.7 (m,
2H, Ph)

36 1-p-methoxyphenyl-1-(2-benzoylhydrazino)ethane
'H NMR (CDCl3) d 1.43 (d, Jgyg=6.6 Hz, 3H, CH3),
3.80 (s, 3H, OCHj3), 4.24 (q, Jgg=6.6 Hz, 1H, NCH),
6.85 (d, Jgg=28.7 Hz, 2H, Ph), 7.20-7.55 (m, SH, Ph),
7.67 (4, Jyy=38.7 Hz, 2H, Ph)

37 1l-p-carboethoxyphenyl-1-(2-benzoylhydrazino)e-
thane 1H NMR (CDCl3) d 1.38 (t, Jgg=7.15 Hz, 3H,
CHs), 1.45 (d, Jgg=6.65 Hz, 3H, CH3), 4.35 (q,
Jug=7.15 Hz, 2H, CH»), 4.38 (q, Jgg=6.65 Hz, 1H,
NCH), 7.35-7.55 (m, 5H, Ph), 7.68 (d, Jgz=28.6 Hz, 2H,
Ph), 8.02 (d, Jgg=38.6 Hz, 2H, Ph)

38 1-p-nitrophenyl-1-(2-benzoylhydrazino)ethane 'H
NMR (CDCl3) d 1.47 (d, Jgg=6.7 Hz, 3H, CH3), 4.46
(g, Jgg=6.7 Hz, 1H, NCH), 7.35-7.65 (m, 7H, Ph), 8.08
(m, 2H, Ph)

39 1l-p-bromophenyl-1-(2-benzoylhydrazino)ethane
IH NMR (CDCl) d 1.48 (d, Jgg=6.7 Hz, 3H, CH3),

" 4.36 (q, Jgg=6.7 Hz, 1H, NCH), 7.25-7.55 (m, 7H, Ph),
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7.67 (m, 2H, Ph)

40 1-phenyl-1-(2-benzoylhydrazino)propane 'H
NMR (CDCl3) d 0.85 (t (dd), Jgr=7.45 Hz, 3H, CH3),
1.79 (m, 1H, CHj), 1.95 (m, 1H, CH;), 4.06 (dd,
Juy=28.76, 5.42 Hz, 1H, NCH), 7.25-7.55 (m, 8H, Ph),
7.65 (m, 2H, Ph). |

41 1,2-diphenyl-1-(2-benzoylhydrazino)ethane 'H
NMR (CDCl3) d 3.13 (m, 2H, CH)>), 4.06 (dd, Jgg=7.3
Hz, 1H, NCH), 7.15-7.80 (m, 15H, Ph)

Example ‘ '

43 1-(2-naphthyl)-1-(2-benzoylhydrazino)ethane 'H
NMR (CDCl3) d 1.52 (4, Jgg=6.62 Hz, 3H, CH3), 4.45
(q, JHg=6.62 Hz, 1H, NCH), 7.3-7.9 (m, 7H, Ar)

44 ethyl 2-(2-benzoylhydrazino)propionate 1TH NMR
(CDCl3) d 1.26 (&, Jgg=717.15 Hz, 3H, CH3), 1.40 (4,
Jar=7.04 Hz, 3H, CH3), 3.87 (q, Jgg7.04 Hz, 1H,
NCH), 4.18 (m, 2H, OCH)>), 7.40-7.60 (m, 3H, Ph), 7.72
(m, 2H, Ph) |

45 methyl 2-phenyl-2-(2-benzoylhydrazino)acetate
IH NMR (CDCl3) d 3.75 (s, 3H, OCHa3), 5.01 (s, 1H,
NCH), 7.35~-7.8 (m, 10H, Ph)

47 3-methyl-2-(2-p-dimethylaminobenzoylhy-
drazino)butane !H NMR (CDCl3) d 0.98 (d, Jgg=6.15
Hz, 3H, CH3), 1.10 (d, Jgr=6.73 Hz, 3H, CH3),-1.21 (4,
Jar=6.70 Hz, CH3), 2.12 (m, 1H, CH), 3.03 (s, 6H,
NCH3), 3.34 (dq, Jgg=6.63, 4.89 Hz, 1H, NCH), 6.62
(d, Jgg=28.75 Hz, 2H, Ph), 7.84 (d, Jgg=28.75 Hz, 2H,
Ph)

21 1-phenyl-1-(2-p-methoxybenzoylhydrazino)ethane
IH NMR (CDCl3) d 1.48 (d, Jgg=6.6 Hz, 3H, CH3),
3.80 (s, 3H, OCH3), 4.27 (q, Jgg=6.6 Hz, 1H, NCH),
6.88 (d, Jgg=38.7 Hz, 2H, Ph), 7.20-7.55 (m, 5H, Ph),
7.69 (d, Jgg=28.7 Hz, 2H, Ph)

22 1-phenyl-1-(2-p-dimethylaminobenzoylhy-
drazino)ethane 'H NMR (CDCl3) d 1.50 (d, Jgg=6.7
Hz, 3H, CHs3), 3.00 (s, 3H, NCH3), 4.34 (q, Jgg=06.7 Hz,
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1H, NCH), 6.65 (d, Jygz=28.85 Hz, 2H, Ph), 7.20-7.55
(m, 5H, Ph), 7.64 (d, Jgg=8.85 Hz, 2H, Ph)

TABLE 111

30

Asymmetric Hydrogenation Employing Various Catalysts

Example | :
48  2-(2-p-dimethylaminobenzoylhydrazino)butane Example _Ligand/Complex % ee
IH NMR (CDCl3) d 0.95 (t, Jyg=7.48 Hz, 3H, CH3), 5 9 D (100% conv. in 2 h) 88
_ 10 (8,5)-SKEWPHOS 9
1.11 (d, Jag=56.40 Hz, 3H, CH;3), 1.45 (m, 1H, CH»), .
| 11 (S)-BINAP (75% conv. in 48 h) 20
1.68 (m, 1H, CHy), 3.01 (s, 6H, NCH3), 3.11 (m, 1H, 12 (S,S)-CHIRAPHOS 23
NCH), 6.65 (d, Jgg=9.02 Hz, 2H, Ph), 7.72 (4, 13 (+)-DIOP 20
Jyr=9.02 Hz, 2H, Ph) 14 (R)-GLUP (w—%_conv. in 60 h). 17
42 1-phenyl-1-(2-benzoylhydrazino)-2,2,2-trifluoroe- 10 5 ;ﬁiﬁﬂﬁ%ﬁ:ﬂiﬁﬁ%ﬁmeﬁ% o4
thane TH NMR (CDCl3) d 4.63 (q, Jgr=7.21 Hz, 1H, 16  (CODRACI)/(S,S)-CHIRAPHOS (in situ) 40
NCH), 7.30-7.85 (m, 10H, Ph) _
TABLE I
. . TABLE IV
Asymmetric N-acylhydrazone Hydrogenations: 15 . .
Ligand Variation Asymmetric Hydrogenation
T o — | With Various R? Substituents
| Example R3 % ec
N R3
N‘f ~ C/ 17 CH3 53
[ ’ Cets 8
C O 20 19 p-NO>CgHy 24
r1” Sp2 20 0-CH30CgH4 58
21 p-CH30CgH; 91
% ee 22 p-(CH3)Z2NCgH4 92
- N
Catalyt R2=Me R2=Me R2= CO,Et y
Example Complex R’=Ph R3=Me R3 = Ph 25
; A > - - TABLE V
5 C 61 40 77 Asymmetric Hydrogenation With Various X Substituents
6 D 72 53 78 Example X % ee
7 E 64 40 60
——— 30 25 OCHj3 79
= pheny :
COsEt = carboethoxy %‘? 81(313)3 gg
Me = methy! 28 Br 92
29 CO2CH>CH3 93
TABLE II 30 NO2 23
35
Solvent Effects in Asymmetric Hydrogenation
Solvent % ee TABLE VI
Toluene/CH;Cl; (4/1) 7 Asymmetric N-benzoylhydrazone H}?drogenatiﬂns:
Tetrahydrofuran 31 Temperature Effect
N,N-dimethylformamide 51 -
CH,Cl, 53 40 |
- CH3OH/H70 (1/1) 59 N
CH30H 72 N~ ~ - et
CH3CH,0H 79 | |
CH3CHOHCH3 88 /|\ O
3-Pentanol 82 Cells Me
CF3CH,;0H 69 45 | _
- Examples Temperature ("C.) Time (h) % ee
31 50 78
32 20 88
33 0 92
34 —10 95
50
TABLE VII
Rhodium-Catalyzed As etric Hydrogenation of N-Ac lhydrazones
Il'l (2)
N,—'NVRS
|
)l\ O
R! R2
Example R! R? R3 Temp. °C.) Time (h) 9% ee, confign
21 Cg¢Hs CH3 p-CH30CgH4 20 2 91 (S)
22 CgHs CHj3 p-(CH3);NCgH4 20 2 92 (S)
32 CgHs CH; CeHs 20 2 88 (S)
33 CeHls CHj; CgHs 0 12 92 (S)
34 CgHs CHj3 CeHs —10 24 95 (S)
35 CeHs CH3 CeHs 0 12 92 (R)
36 p-CH30CgHs CH3 CeHs 0 24 88 (S)
37 p-CH3CH;0,CCeHy CH3 CgHs 0 12 96
38 p-NO,CgHy CH3 CgHs 0 12 97
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TABLE VII-continued
Rbodium-Catalyzed Asymmetric Hydrogenation of N-Acylhydrazones
fll (2)
3
N,.-NVR
|
Mo
R! RZ
Example R! R? R3 Temp. (°C.) Time (h) % ee, confign

39 p-BrCgHy CHj3 CgHs 0 12 96
40 CeHs CH3CH> CgHs —10 24 35 (S)
41 CeHs CHyCgHs CgHs —10 36 84 (S)
42 CgHs CF3 CgHs 20 3 51
43  2-Naphthyl CH; CgH; 0 12 95 (S)
44 C0O,CH;CH3 CH3 CgHs 0 24 90
45 CO,CH;3 CeHs CgHs 20 36 91

. 46 CO,CHyCH3 . CH(CH3); CgHs 20 10 55
47 CH(CH3), CH3 p-(CH3)2NCgHy —10 36 73
48 CH,CHj; CHj3 p-(CH3); NCgHy ~10 24 43
49 C(CH3)3 CHj3 CgHs 20 36 45
50 R! and R? together are CgHs;s 20 72 33

/

What is claimed 1s:

1. A process for the asymmetric hydrogenation of

N-acylhydrazones comprising reacting with hydrogen
a compound of formula 2

H (2)
1'\1 R3
N.-'" ., C.-"""
i
Rl TR2
wherein
Rl and R2 are not the same and are each

CR*)[CRH]DICRN2],RY;

D is O, S, NR4, or Si(R%);;

p and q are each integers, the same of different, from
1to 8;

R4is each independently H; F; aryl; C; to Cgalkyl; C;
to Cg fluoroalkyl; to Cj to Cg perfluoroalkyl; or R4
together with R! or R? form a ring; and

R3 is aryl, aryl substituted with at least one of hydro-
gen, halogen, alkyl, alkoxy, aryl, aryloxy, nitro or
amino, or a linear, branched or cyclic C; to Cg
alkyl;

in the presence of a catalyst comprising a complex
wherein a transition metal is bonded to both phosphorus
atoms of a chiral ligand selected from the group consist-
ing of: B

(S)-(—)-2,2'-bis(diphenylphosphino)-1,1’-binaphthyi;

(R)-(+)-2,2'-bis(diphenylphosphino)-1,1'-binaphthyl;

(2S,4S5)-2,4-bis(diphenylphosphino)pentane;

(2R,4R)-2,4-bis(diphenylphosphino)pentane;

(2S,38)-bis(diphenylphosphino)butane;

(2R,3R)-bis(diphenylphosphino)butane;

(+)-2,3-O-isopropylidene-2,3-dihydroxy-1,4-bis(di-
phenylphosphino)butane;

(—)-2,3-O-isopropylidene-2,3-dihydroxy-1,4-bis(di-
phenylphosphino)butane;

phenyl-4,6-O-(R)-benzylidene-2,3-O-bis(diphenyl-
phosphino)-8-D-glucopyranoside;

phenyl-4,6-O-(S)-benzylidene-2,3-O-bis(diphenyl-
phosphino)-B-D-glucopyranoside;
30 a chiral ligand of formula I and II

R R

P |

35

(II)

(Y)m
45

/iﬁ
o R
wherein

n is an integer from 1 to 12;

Y is each independently hydrogen, halogen, alkyl,
alkoxy, aryl, aryloxy, nitro, dialkylamino, vinyl,
substituted vinyl, alkynyl, of sulfonic acid;

m is an integer from 1 to 4;

R is a radical comprising linear, branched or cyclic
C, to Cg alkyl; linear, branched or cyclic C; to Cg
fluoroalkyl: linear, branched or cyclic C; to Cg
perfluoroalkyl; aryl; aryl substituted with at least
one of hydrogen, halogen, alkyl, alkoxy, aryl, aryl-
OXxy, nitro, amino, vinyl, alkynyl, or sulfonic acid;
aralkyl: ring-substituted aralkyl substituted with at
least one hydrogen, halogen, alkyl, alkoxy, aryl,
aryloxy, nitro, amino, vinyl, alkynyl, or sulfonic
acid; and |

65 provided that the catalyst is other than ruthenium

(2,2'-bis(diphenylphosphino)-1,1’-binaphthyl)dichio-
ride dimer or bis-2-(methylallyD)ruthenium
((2S,58)-2,5-dimethylphospholano)benzene;

S0

3
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to yield an optically active mixture of enantomeric N-
acylhydrazines of formula (3A) and (3B)

H (3A)

H N/ R3 >

\-.N/" ., C./
H o | | il
:;C

RI.-""' \RZ
H (3B) 10
/

Rl“""'r \RZ 15

wherein
R, R2 and R3 are as defined above; and
wherein the compound of formula (3) exhibits optical
activity to the extent of from greater than or equal 20
to about 5% enantiomeric excess to at least about
50% enantiomeric excess. |
2. The process of claim 1 wherein the compound of
formula (3) exhibits optical activity to the extent of
greater than or equal to about 50% enantiomeric excess. 2°
3. The process of claim 1 wherein the compound of
formula (3) exhibits optical activity to the extent of
greater than or equal to about 90% enantiomeric excess.
4. A process for the conversion of prochiral keto
group-bearing compounds to chiral amino group-bear-
ing compounds comprising
Step 1) reacting a ketone of formula RIC(O)R2 with
a carboxylic acid hydrazide of formula
R3C(O)NHNH: in the presence of an acid catalyst
to generate an N-acylhydrazone of formula (2)

30

35

(2)

C
RI” TR2

wherein
R1 and R? are not the same and are each C; to Cis 45

cyclic, linear or branched alkyl; C; to C;5 cyclic,
linear or branched substituted alkyl: C; to Cg fluo-
roalkyl; C; to Cg perfluoroalkyl; aryl; substituted
aryl; aralkyl; ring substituted aralkyl; carboalkoxy;
carboamido; acyl; vinyl; substituted vinyl; alkynyl; 50
or C(RM)2[C(R¥)2],D[CRH)2],R%,;

D is O, S, NR4, or Si(R%);; .

p and q are each integers, the same or different, from
1 to 8;

R# is each independently H; F; aryl; Ci to Cg alkyl; 55
Ci1 to Cg fluoroalkyl; to C; to Cs perfluoroalkyl; or -
R4 together with R1 or R2 form a ring; and

R3is aryl, substituted aryl, or a linear, branched or
cyclic Cj to Cg alkyl;

Step 2) reacting the N-acylhydrazone of formula (2) 60
with hydrogen in the presence of a catalyst com-
prising a complex wherein a transition metal is
bonded to both phosphorus atoms of a chiral ligand
selected from the group consisting of:
(S)-(—)-2,2'-bis(diphenylphosphino)-1,1'-binapht- 65

hyl;
(R)-(+)-2,2'-bis(diphenylphosphino)-1,1’-binapht-
hyl;

34
(25,45)-2,4-bis(diphenylphosphino)pentane;
(2R ,4R)-2,4-bis(diphenylphosphino)pentane;
(2S,3S)-bis(diphenylphosphino)butane;
(2R,3R)-bis(diphenylphosphino)butane;
(+)-2,3-O-isopropylidene-2,3-dihydroxy-1,4-bis(-
diphenylphosphino)butane;
(—)-2,3-O-1sopropylidene-2,3-dihydroxy-1,4-bis(- .
diphenylphosphino)butane;
phenyl-4,6-O-(R)-benzylidene-2,3-O-bis(diphenyl-
phosphino)-£-D-glucopyranoside;
phenyl-4,6-O-(S)-benzylidene-2,3-O-bis(diphenyl-
phosphino)-8-D-glucopyranoside;

chiral ligand of formula I and II

R R
(CHZ)n
R R

R - ()

P
R
R

n 1s an 1nteger from 1 to 12;

Y 1s each independently hydrogen, halogen, alkyl,
alkoxy, aryl, aryloxy, nitro, dialkylamino, vinyl,
substituted vinyl, alkynyvl, of sulfonic acid:

m is an integer from 1 to 4;

R is a radical comprising linear, branched or cyclic
Cito Cg alkyl; linear, branched or cyclic Cj to Cg
fluoroalkyl; linear, branched or cyclic C; to Cg
perfluoroalkyl; aryl; substituted aryl; aralkyl; ring-
substituted aralkyl; and

provided that the catalyst is other than ruthenmium
(2,2'-bis(diphenylphosphino)-1,1’'-binaphthyl)di-
chloride dimer or bis-(2-methylallyl)ruthenium
((2S,59)-2,5-dimethylphospholano)benzene;

wherein

to yield an optically active mixture of enantiomeric
N-acylhydrazines of formula (3A) and (3B)

H (GA)

H | (3B)

wherein

R!, R? and R3 are as previously defined; and

Step 3) reacting the optically active N-acylhydrazine
of formula (3A) and (3B) with samarium duodide
to vyield a carboxylic amide of formula
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R3C(O)NH; and an optically active mixture of

enantiomeric amines of formula (4A) and (4B)

NH> (4A

(4B)

wherein
Rl RZ2, and R3 are as previously defined, and
wherein the amine exhibits optical activity to the
extent of from greater than or equal to about 5%
enantiomeric excess to at least about 50% enantio-
meric €Xcess.

5. The process of claim 4 wherein the amine exhibits
optical activity to the extent of greater than or equal to
about 50% enantiomeric €xcess.

6. The process of claim 4 wherein the amine exhibits
optical activity to the extent of greater than or equal to
about 90% enantiomeric excess. .

7. The process of claim 1 or 4 wherein the catalyst is
a complex of a transition metal rhodium or iridium and
a chiral ligand of formula I or 1L

8. The process of claim 7 wherein the catalyst 1s a
complex of a transition metal rhodium or iridium and a
chiral ligand of formula I or II wherein the ligand has
an R group that is methyl, ethyl or isopropyl.

9. The process of claim 8 wherein the catalyst 1s
[(COD)Rh(1,2-bis((2R,5R)-2,5-diethylphospholano)-
benzene)]+CF3S03— or the (2S,5S) analog thereof;

[(COD)Rh(1,2-bis((2R,5R)-2,5-diethylphos-

pholano)ethane)] +CF3803— or the (28,5S) analog
thereof;

[(COD)Rh(1,2-bis((28,55)-2,5-dimethylphos-

pholano)benzene)] + CF3803— or the (2R 5R) ana-

log thereof;

[(COD)Rh(1,2-bis((2R,5R)-2 S-dusopmpylphos-
pholano)benzene)]+CF3S03— or the (25,3S) ana-
log thereof; or |

[(COD)Rh(1,2-bis((2R,5R)-2,5-diisopropylphos-
pholano)ethane)]+CF3SO3— or the (2S,35S) analog
thereof. | |

10. The prfocess of claim 1 or 4 wherein R! is phenyl

and R2is carbomethoxy; or Rlis carbomethoxy or car-
boethoxy and R? is methyl. |

11. The process of claim 1 or 4 wherein R3 is phenyl

para-(methoxy)phenyl, or para-(dlmethylammo)phenyl

36

12. The process of claim 1 or step 2) of claim 4 con-

- ducted in a solvent of isopropanol.

) 5
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13. The process of claim 4, wherein step 3 1s con-
ducted in a solvent of tetrahydrofuran.

14. The process of claim 1 or step 2) of claim 4 con-
ducted at a temperature of from about —50° C. to about
100° C.

15. A process for the preparation of amines compris-
ing reacting the N-acylhydrazine of formula (3)

(3)

R1” SR2

wherein

R! and R? are the same or different and are each
hydrogen, C; to Cjs cyclic, linear or branched
alkyl: Ci to Cis cyclic, linear or branched substi-

tuted alkyl; C; to Cg fluoroalkyl; C; to Cg per-
fluoroakyl; aryl; substituted aryl; aralkyl; ring sub-
stituted aralkyl; carboalkoxy; carboamido; acyl;
vinyl; substituted - - vinyl; alkynyl; or
C(R4)2[C(R4)2]QD[C(R'4‘)2’],0R4;

D is O, S, NR4, or Si(R%)y;

p and q are each integers, the same or different, from
1 to §;

R4is H; F; aryl; C; to Csg alkyl; C; to Cg fluoroalkyl;
Ci to Cg perfluoroakyl; or R* together with R! or
R2 form a ring, and

R3 is aryl, substituted aryl, or a linear, branched or
cyclic C; to Cg alkyl; with samarium diiodide to
reductively cleave the nitrogen-nitrogen bond to

generate a carboxylic amide of formula
R3C(O)NH; and an amine of formula (4)

NH»

<
lxcx

4
- (4)

R R2

wherein
R1, R2, and R3 are as prewously defined and the N-
acylhydrazine and the amine each exhibit optical
activity to the extent of greater than or equal to
about 50% enantiomeric excess.
16. The process of claim 15 wherein the N—acylhydra—

- zine and the amine exhibits optical activity to the extent

50
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of greater than or equal to about 90% enantiomeric
excess.

17. The process of claim 15 wherein R1 and R3 are
phenyl and R2 is methyl or wherein R! is 2-naphthyl,
R2 is methyl and R3 is phenyl.

* % % %X *
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